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LIFE SUPPORT AND NUCLEAR POLICY 

CRYSTAL SEMICONDUCTOR PRODUCTS ARE NOT AUTHORIZED FOR AND SHOULD NOT BE USED WITHIN 
LIFE SUPPORT SYSTEMS OR NUCLEAR FACILITY APPLICATIONS WITHOUT THE SPECIFIC WRITTEN CON- 
SENT OF CRYSTAL SEMICONDUCTOR. 

Life Support Systems are equipment intended to support or sustain life and whose failure to perform when properly used in 
accordance with instructions provided can be reasonably expected to result in personal injury or death. Users contemplating 
applications of Crystal Semiconductor products in Life Support Systems are requested to contact Crystal Semiconductor 
factory headquarters to establish suitable terms and conditions for these applications. Crystal Semiconductor's warranty is 
limited to replacement of defective components and does not cover injury to persons or property or other consequential 
damages. 

Examples of devices considered to be life support devices are neonatal oxygen analyzers, nerve stimulators (whether used 
for anesthesia, pain relief, or other purposes), autotransfusion devices, blood pumps, defibrillators, arrhythmia detectors and 
alarms, pacemakers, hemodialysis systems, peritoneal dialysis systems, neonatal ventilator incubators, ventilators for both 
adults and infants, anesthesia ventilators, and infusion pumps, as well as other devices designated as "critical" by the FDA. 
The above are examples only and are not intended to be conclusive or exclusive of any other life support device. 

Examples of nuclear facility applications are applications in (a) a nuclear reactor, or (b) any device designed or used in con- 
nection with the handling, processing, packaging, preparation, utilization, fabricating, alloying, storing, or disposal of fis- 
sionable material or waste products thereof. 
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COMPANY INFORMATION 



Crystal's proprietaiy SMART Analog"™ design technique, incorporating analog and digital circuitry in 
monolithic CMOS devices, represents a powerful new technology in the semiconductor industry. This 
innovative approach to design eliminates many of the sources of inconsistent performance in traditional 
analog circuitry. 

Maximum system performance is built-in from initial research on end-user requirements through 
product definition. Product quality and reliability is designed into the device architecture and is further 
assured through rigorous standards for fabrication, assembly and testing. Crystal's part numbering 
scheme is as follows: 




CSLXXXX - TPNNH/R 

V 



w 



v 



DEVICE REVISION: DOES NOT APPEAR HERE ON PACKAGE MARK. 
L- REVISION IS COVERED IN DATE CODE STAMP. 
USED ONLY FOR ORDERING/TRACKING. 

SPECIAL HANDLING .ALPHA CHARACTER ONLY 



_ ELECTRICAL OR SPEED SPECIFICATION. (OPTIONAL) UP TO 2 
NUMERIC DIGITS. NO ALPHA CHARACTERS. SEE DATA SHEET 

PACKAGE CODE -REQUIRED .ALPHA CHARACTER ONLY.NO NUMERICS 

P = PLASTIC DIP S = 0.3" SOIC 

_ C = CERAMIC SIDEBRAZE W = 0.6" SOIC 

D = CERDIP E= CERAMIC LCC 

L = PLASTIC LEADED CHIP CARRIER.J LEAD 

U=UNPACKAGEDDIE 



TEMPERATURE SPECIFICATION - REQUIRED.ALPHA CHARACTER ONLY 
SIGNAL CONDITIONING/COMMUNICATION: 
BLANK = OX to 70"C 
I = - 40'C to 85*C 
M = -55t5 to 125*C 

TEMPERATURE/ACCURACY- REQUIRED.ALPHA CHARACTER ONLY 



DATA ACQUISITION: 








TEMPERATURE 




ACCURACY 






GOOD 


BETTER 


BEST 


0*C to 7(fC 


J 


K 


L 


-40*C to 85*0 


A 


B 


C 


-551: to 125 "t) 


S 


T 


u 



- FOUR ALPHANUMERIC DIGITS COMPRISE REMAINDER OF BASIC PART NUMBER 

CRYSTAL PRODUCT LINE (PROPRIETARY PARTS; SECOND-SOURCE PARTS HAVE EXCEPTIONS): 
• 3 = DATA ACQ. SUPPORT CIRCUITS 

5 = A/D CONVERTERS 

6 = TELECOMMUNICATIONS 

7 = SIGNAL CONDITIONING 

8 = DATACOMMUNICATIONS 



CRYSTAL SEMICONDUCTOR 

"CS" = ALL CRYSTAL PRODUCTS.EXCEPT FOR 

"CSZ" = S - TO - Z A/D CONVERTERS 
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In addition to the part number, all Crystal parts have a second line of marking, which can be decoded as 
follows: 



FATLLRYYWW 



_ ASSEMBLY DATE CODE 
DEVICE REVISION LEVEL 
_ LOT IDENTIFICATION 
TEST SITE DESIGNATOR 
- ASSEMBLY SITE DESIGNATOR 
FOUNDRY DESIGNATOR 



LOT CODE IDENTIFIER 



- TWO DIGIT ALPHA CHARACTER. 
IDENTIFIER SEQUENCE WILL BEGIN WITH 
AA,AB,AC. ETC. EACH LOT WILL RECEIVE 
A UNIQUE IDENTIFIER REGARDLESS OF 
DEVICE OR START DATE. SEQUENCE 
BEGINS AGAIN WITH AA WHEN ZZ HAS 
BEEN UTILIZED. 



COMPANY BACKGROUND 

Crystal Semiconductor Corporation was founded in 1984 with the goal of supplying the industry with 
high-performance, mixed analog/digital CMOS circuits. 

To meet its objectives, Crystal recruited a staff of renowned CMOS analog design engineers, a scarce 
resource in the industry, and teamed them with designers trained in system architecture development. 

By coupling this design staff with highly qualified application and test engineers and seasoned 
management, Crystal has achieved several industry firsts. Systems designers now benefit from the 
performance and cost savings of Crystal breakthroughs such as self-calibrating ADCs, a universal filter, 
monolithic Tl interfaces and the industry's first implementations of "delta sigma" oversampling A-to-D 
converters. 

Headquartered in Austin, Texas, Crystal sells its products worldwide through a network of 
manufacturer's representatives. Crystal's entire marketing and sales organization is conmiitted to 
providing quality products and reliable, rapid service. 
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QUALITY AND RET JARTT.TTY INFORMATION 



Crystal Semiconductor is committed at every 
level of the company to the highest possible 
standards of quality and reliability in its 
products. This committment is evident in all 
phases of operations: initial product definition, 
design, fabrication, assembly, test, qualification 
and customer service. Product quality and 
reliability is an active concern of each Crystal 
employee. 

In Product Definition 

To ensure maximum system performance. 
Crystal works with users to identify and quantify 
the parameters, including quality and reliability 
issues, that best serve customer needs. Quality 
and reliability become part of the design goals, 
along with electrical performance and cost. 

In Design 

Conservative 3-micron CMOS design rules are 
the basis for all current Crystal products. In 
addition, extensive use is made of proven 
standard cells to drastically reduce the possibility 
of design errors. 

Each pin in every SMART Analog product is 
designed to meet ESD levels of at least 2500V 
when tested per MIL STD 883C, Method 3015. 
Each pin is also designed to withstand more than 
200mA of DC latch current. 

Crystal SMART Analog design architectures 
provide quality and reliability comparable to 
leading digital devices and memories. This is far 
superior to traditional analog ICs and hybrids. 
On-chip digital error correction provides stable 
performance over time and temperature by 
taking advantage of digital controls that are 
insensitive to parametric analog problems such 
as leakages and shifts in threshold voltage. Using 
Crystal devices, designers have fewer error 



sources to consider. The result is a less 
complicated, more reliable system. 

In Fabrication and Assembly 

Crystal ensures reliable delivery of quality parts 
by accessing established foundries in multiple 
locations (Japan, Canada and California today). 
Each fabrication facility is qualified by Crystal. 
Assembly is performed both domestically and 
offshore under carefully documented and well- 
controlled conditions. 

Wafer fabrication and assembly processes 
undergo in-line quality inspections. Wafers are 
inspected optically to guidelines based on MEL 
STD 883C, Method 2010. Each die is electrically 
tested using proprietary test circuits that verify 
key parameters. Following assembly, packages 
are subjected to a variety of mechanical inspec- 
tions to verify integrity and insure high qu^ty. 
(For example, x-ray inspection to 3.0 percent 
LTPD is one of the standard production tests.) 

In Test 

In a break from traditional analog components, 
Crystal's SMART Analog products include basic 
test capabilities designed into each chip. 
Crystal's in-process quality assurance program 
uses this designed-in testability to monitor and 
track the performance and quality of these 
complex circuits. Finished packaged components 
are tested 100 percent electrically, over 
temperature where critical parameters are 
involved. With these extensive quality programs. 
Crystal guarantees outgoing electrical quality 
levels on all data sheet specifications to a 0.065 
percent AQL level over the full specified 
temperature range. 

Throughout the assembly and test phases, 
traceability to the original wafer lot is carefully 
maintained. 




Q&R1 
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In Product Qualification 

Before any Crystal product is released to 
production and shipped in volume, it must 
undergo a thorough qualification program. 
Crystal has separate qualification criteria to 
address both long-term reliability and infant 
mortality so that the sources of failure are 
identified and eliminated. Crystal uses military 
specifications as the guidelines for reliability 
tests, methods and procedures. (See Table 1.) 



To ensure reliability of the design and processes, 
full qualification requires that three non- 
consecutive lots are used during the qualification 
program. Fabrication and assembly facilities are 
audited quarterly and periodically requalified. 
Any design or process changes restart the 
qualification procedure. 

These steps guarantee that Crystal products 
maintain the high standards of reliability 
designed-in from the start. 



TABLE 1 - QUALIFICATION TESTS 



TEST/CONDITION 


MIL STD 

883C 

METHOD 


INFANT MORTALITY 
TESTS 


LONG-TERM RELIABILITY TESTS | 


DURATION 


PASS/FAIL 
CRITERION 


DURATION 


PASS/FAIL 
CRITERION 


CRYSTAL 
GOAL 


OPERATING LIFE 

+125 C, Dynamic Bias 
+/-5.5V Supplies note 3 


1015 
CONDD 


168HRS 


0.7% 


1000 HRS 


(70 C/60% UPPER 

CONFIDENCE 

LEVEL) 


100 FITS 

(70 c/ 
60% UCL) 


TEMPERATURE HUMIDITY 
BIAS NOTE 1 

+85C/85%RH Static Bias 


N/A 


168HRS 


1.0% 


1000 MRS 


3.0 % 


1.0% 


TEMPERATURE CYCLING 

-65 C to +150 C 
Then Gross Leak Test 


1010.5 
CONDC 


100 CYCLES 


1.0% 


1000 
CYCLES 


3.0 % 


1.0% 


THERMAL SHOCK 

-55Cto+125C 
Then Gross Leak Test 


1011.4 
CONDB 


100 CYCLES 


1.0% 


500 
CYCLES 


3.0 % 


1.0% 


STORAGE LIFE 

+150 C, No Bias 


1008 
CONDC 


168 MRS 


1.0% 


1000 HRS 


3.0 % 


1.0% 


AUTOCLAVE notei&2 

+121C/100%RH 

2 Atmosphere, No Bias 


N/A 


48 MRS 


1.0% 


144 HRS 


3.0 % 


1.0% 


CENTRIFUGE 

30 Kg/yl Axis 


2001.2 


-- 


- 


- 


5.0 % 


1.0% 


ELECTROSTATIC 
DISCHARGE 


3015.1 


- 


2500V 


5 UNITS. 
ALL PINS 


OFAIL 


4000V 


LATCH UP 

DC Current 


N/A 


- 


100 mA 


5 UNITS. 
ALL PINS 


OFAIL 


200mA 


MARKING PERMANENCY 

NOTE 2 


N/A 


- 


- 


-- 


- 


3.0 % 


SOLDERABILITY 


2003.3 


- 


-- 


- 


"" 


1.0% 



NOTE 1 - This test applies only to plastic devices, which are non-hermetic. 
NOTE 2 - This test is optional if the assembly site has been previously qualified. 
NOTE 3 - 1 FIT (Failure In Time) = 1 Failure per Billion device hours. 
NOTE 4 - UCL = Upper Confidence Level. 
NOTE 5 - Temperature Humidity Bias, Temperature Cycling, Thermal Shock, 

Storage Life, and Autoclave Pass Criteria and goals are based upon a statistical 

90% Upper Confidence Level. 
NOTE 6 - Qualification Material is sourced from three non-consecutive manufacturing lots. 
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In Customer Service 

Compliance with purchasing requirements is 
ensured through the use of Crystal's 
computerized system "Compass" (Crystal On-line 
Marketing Production and Sales System). This 
processing system ensures that all orders are 
entered correctly, scheduled properly, produced 
according to schedule, and shipped with zero 
discrepancies. 

All systems and procedures at Crystal 
Semiconductor are aimed at continously 
improving the quality and reliability of our 
products and services to meet the needs of our 
customers. 

Crystal's philosophy on quality is to anticipate 
problems and develop systems and controls to 
alleviate possible problems. It is a well stated 
fact by Juran and Deming, two of the nation's 
foremost experts on quality, that 85% of all 
quality problems are system related and 15% are 
worker related. Therefore, Crystal devotes its 
major quality efforts toward preventing system 
related quality problems. 

Crystal has a very aggressive audit program in 
place. Monthly internal audits are performed to 
insure compliance to the extensive 
documentation of instructions and criteria for 
testing and inspection. Semiannual vendor audits 
are performed on the assembly and fabrication 
foundries. Vendor audits insure the adequacy and 
compliance of specifications, product flow, 



training, process controls and cleanliness. All 
internal and external audits have provisions for 
ratings and a system for corrective action 
requirements. These frequent audits by assembly, 
fabrication and quality engineers maximize 
system quality compliance. 

As an added measure of continued high quality 
from assembly and fabrication foundries, 
thorough incoming inspections are performed. 
Wafer level optical inspection is based upon 
guidelines of MIL STD 883C, METHOD 2010. 
Test die are electrically tested to verify 
compliance to key process parameters based 
upon design rules specifications. These electrical 
parameters include threshold voltages, 
breakdown voltages, material resistance, and 
contact resistance. Assembly packaging 
inspection includes external visual, marking 
permanency, solderability, x-ray, hermeticity, die 
shear, wirepuU and internal visual. 

Preventive measures are very much in force in 
the final test area. Equipment calibration and 
preventive maintenance procedures are strictly 
adhered to. Handling procedures for Electrostatic 
Discharge are in place throughout the test areas. 
Non-conforming material is segregated until 
corrective action is agreed upon. There are 
controlled procedures for releasing new test 
programs and new test equipment to the 
production environment. In summary. Crystal 
Semiconductor is committed to meet the quality 
requirements of its customers. 
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MILITARY AND DIE SALES INFORMATION 



The SMART Analog™ technology of Crystal 
Semiconductor offers unique advantages for high 
performance analog-to-digital conversion in 
military applications and as die to be 
incorporated into hybrid microcircuit devices. 

SMART Analog ADC architectures achieve their 
accuracy through the inclusion of digital logic 
on-chip to ensure performance specifications. 
Self-calibrating ADCs, one family of circuits, 
incorporate a digital microcontroller to correct 
for linearity as well as gain and offset errors. 
Delta-sigma oversampling ADCs, another 
family, sample the signal substantially faster than 
the system sampling rate and then digitally filter 
average many actual samples to obtain a highly 
accurate output at the system rate. 

Both self-calibration and oversampling 
architectures therefore achieve three benefits that 
are crucial to military and hybrid programs: 

• Analog performance of the device is governed 
by digital functionality which is easily tested 
during the die manufacturing process at 
waferprobe. SMART Analog devices all in- 
clude digital self-test modes to further enhance 
this thorough testability. 

• Analog performance is immune to the factors 
which cause traditional ADCs to drift. The 
digital logic implements a closed loop feed- 
back system which continually compensates 
for drift mechanisms while the part is opera- 
tional. SMART Analog devices therefore 
retain the full rated accuracy over time and 
over temperature. 

• CMOS processing used in Crystal ADCs is an 
industry-proven process which results in very 
low power consumption and highly reliable, 
easy to manufacture products. 



MILITARY STANDARD PROCESSING 

Crystal Semiconductor is committed to 
supplying product to the military marketplace as 
a major long-term focus of our business. 

All devices are designed to meet the extended 
temperature ranges required for military 
applications. The wafer fabrication and device 
assembly facilities used for Crystal standard 
production were selected for their proven 
capability to provide product processed to 
mihtary requirements. 

At the time of this publication, wafer fab, 
packaging, and test facility have all passed 
Crystal military audit. Qualification lots are in 
process. Our CAGE FSCM/MILSCAP number is 
0A384. 

This advance planning will enable Crystal 
Semiconductor to offer MIL STD 883C Class B 
compliant production on most Data Acquisition 
circuits during 1988. Consult Crystal for the 
exact availabihty dates of any specific product. 

DIE SALES 

Systems have been established at Crystal to fully 
support sale of integrated circuits at the die level. 

All die manufacturing activities maintain 
configuration control and traceability to the 
original wafer lot. Passivation thicknesses are 
controlled to meet military requirements and die 
storage is maintained in accordance with MIL 
STD 883, method 2010. Scribed and broken 
individual die are 100% inspected to the 
requirements of MIL STD 883, method 2010, 
test condition B. Shipment of die to Crystal 
customers is accomplished in waffle packs which 
each contain die from only one wafer lot. 
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T1/CCITT LINE INTERFACES 



INTRODUCTION 

Crystal offers a range of Tl/CCITT line interface ICs which provide a programmable pulse shaping 
line-driver, a timing and data recovery circuit, a jitter attenuator and diagnostic features all in single 
VLSI analog CMOS devices. 

The CS6158, CS61534 and CS61574 are an upwards pin compatible family of Tl/CCITT line inter- 
faces designed as front ends to PCM framing transceivers. Basic functionality is provided in the 
CS6158. Increased functionality including microprocessor bus control interfaces and two jitter attenua- 
tion options are provided by the CS61534 and CS61574. The CS61544 is designed for stand alone Tl 
applications where PCM framing transceivers are not required (such as high speed modems and multi- 
plexors). The CS6152 is designed as a cost-effective front end to digital, gate-array based, clock 
recovery circuits, providing exactly those analog driver and receiver interface functions that must be 
implemented external to the ASIC device. 

USER'S GUIDE 





Compatible Family of Line Interface 


Line Interface IC 


Device: 


ICs for use with Framing Tranceivers 


for Stand Alone Use 


CS6158 


CS6152 


CS61534 


CS61574 


CS61544 


Data Rates: 












1.544 MHz 


V 


V 


V 


¥ 


¥ 


2.048 MHz 


V 


V 


V 


¥ 




Transmitter: 












DSX-1 Driver 


V 


V 


V 


¥ 


¥ 


G.703 Driver 


V 


¥ 


V 


¥ 




Driver Monitor 




V 


V 


¥ 


¥ 


Jitter Attenuator 






V 




¥ 


Receiver: 












Narrow Band Clock Recovery 






¥ 




¥ 


Wide Band Clock Recovery 


V 






¥ 




Wander Attenuator 








¥ 




AMI to TTL Buffer 




V 








[xP Bus Control Option 






¥ 


¥ 




AMI/B8ZS Encode/Decode 










¥ 


Loopbacks 


V 




¥ 


¥ 


¥ 


Package 


22/28 pin 


24 pin 


28 pin 


28 pin 


28 pin DIP 




DIP 


DIP 


DIP 


DIP 





CONTENTS 

CS61534 Tl (1.544 MHz) & CCITT (2.048 MHz) Line Interface 2-3 

CS61544 Tl (1 .544 MHz) Line Interface 2-23 

CS61574 Tl (1.544 MHz) & CCITT (2.048 MHz) Line Interface 2-41 

CS6152 Tl (1.544 MHz) & CCITT (2.048 MHz) Analog Interface 2-63 

CS6158 Tl (1.544 MHz) & CCITT (2.048 MHz) Line Interface 2-65 
_ 



Semiconductor Corporation 




PCM Line Interface 



Features 

• Provides Analog PCM Line Interface 
for T1 and 2.048 MHz Applications 

• Programmable Pulse-Shaping Line 
Driver 

• Performs Data and Timing Recovery 

• Transparent to AMI Polarity 

• Diagnostic and Performance 
Monitoring Features 

• Selectable Hardware or Host 
Processor Modes 

• Jitter Attenuator 

• 3 Micron CMOS for High Reliability 



General Description 

The CS61534 combines the analog transmit and receive 
line interface functions for a PCM system interface in one 
28 pin device. The PCM line interface operates from a single 
5 Volt supply, is transparent to the PCM framing format, 
and can work with ABAM and other cable types. 
Crystal's SMART ANALOG^" circuitry shapes the transmit 
pulse internally, providing the appropriate pulse shape at 
the DSX-1 cross-connect for line lengths ranging from 
to 655 feet in T1 applications. Maximum range is greater 
than 450 meters. The transmitter uses an elastic store to 
remove jitter from the outgoing data prior to transmission. 

Applications 

• Interfacing Network Equipment to a DSX-1 Cross 
Connect. 

• Interfacing Customer Premises Equipment such as 
PABXs, T1 Multiplexers, Data PBXs and LAN Gateways 
to a Channel Service Unit or T1 modem. 



ORDERING INFORMATION 

CS61534-IP - 28 Pin Plastic DIP (T1 only) 
CS61534-IP1- 28 Pin Plastic DIP (T1 & CEPT) 
CS61534-IL - 28 J-lead PLCC (T1 only) 
CS61534-IL1 - 28 J-lead PLCC (T1 & CEPT) 




TCLK , 

TPOS 

TNEG 



RCLK « 
RPOS« 
RNEG« 



LOOP 
BACK 



10 



JITTER 
J ATTENUATOR 



Block Diagram 

LKE) (lis 
^OS LE 

r28 r23 |24 j; 



(CLKE) (INT) (SDI) (SDO) 
XTALIN XTALOUT ACLK MODE TAOS LENO LEN1 LEN2 



25 



TGND TV+ 
|14 115 



27 



CONTROL 



PULSE 
SHAPER 



LINE 
DRIVER 



13 



2 



TTIP 



16 



*TRING 



CLOCK & 

DATA 
RECOVERY 



LINE 
RECEIVER 



26 



LLOOP RLOPP 
(SCLK) (CS) 



SIGNAL 
OUALITY 
MONITOR 




19 



20 



RTIP 



RRING 



12i 
LOS 



DRIVER 
MONITOR 



17 



IF 



*MTIP 
MRING 



11 i 
DPM 



21 i 
RV+ 



22 t 
RGND 



OCr87 
DS16F1 



Crystal Semiconductor Corporation 

P.O. Box 17847, Austin, Texas 78760 
(512)445-7222 TWX:91 0-874-1 352 



CS61534 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Min 


Max 


Units 


DC Supply (referenced to GND) 


RV+, TV+ 


- 


6.0 


V 


Input Voltage, Any Pin (Note 1) 


Vin 


RGND-0.3 


RV+ + 0.3 


V 


Input Current, Any Pin (Note 2) 


lin 


- 


10 


mA 


Ambient Operating Temperature 


Ta 


-40 


85 


°C 


Storage Temperature 


Tstg 


-65 


150 


°C 



WARNING: Operations at or beyond these limits may result in permanent damage to the device. 

Normal operation is not guaranteed at these extremes. 
Notes: 1. Excluding RTIP, RRING. 

2. Transient currents of up to 100 mA will not cause SCR latch-up. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Supply (Note 3) 


RV+, TV+ 


4.75 


5.0 


5.25 


V 


Ambient Operating Temperature 


Ta 


-40 


25 


85 


"C 


Total Power Dissipation (Note 4) 

1 00% ones density & max. line length @ 5.25V 


Pd 


- 


- 


760 


mW 



Notes: 3. TV+ must not exceed RV+ by more than 0.3V. 

4. Power dissipation while driving 25 Q, load over operating temperature range. Includes CS61534 
and load. 



ANALOG SPECIFICATIONS (Ta = - 40 mo 85 ^ c. v+ = 5.ov ± 5%. gnd = ov) 



Parameters 


Min 


Typ 


Max 


Units 


Receiver Sensitivity Below DSX-1 


-10 


- 


- 


dB 


Jitter Attenuation Curve ti (Note s) 
Corner Frequency cept (Note 6) 


- 


40 


50 


Hz 


Input Jitter Tolerance - Transmitter 


7.0 


- 


- 


Unit 
Intervals 


Transmitter Output Load (Note 7) 


- 


25 


- 


ohms 


Loss of Signal Threshold 


- 


0.5 


- 


V 



Notes: 5. Crystal pull range: ± 200 ppm. Five unit intervals of input jitter. 

6. Crystal pull range: ± 66 ppm. 1 .5 unit intervals of input jitter. 

7. Transmitter is a low impedance voltage source. Transmitter performance is typical with a 25n load for 
T1 applications, which is determined by the 2:1 turns ratio of transformer and 100 Q line impedance. 
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DIGITAL CHARACTERISTICS (Ta = - 40 ° to 85 ° c. v+ = s.ov ± 5%, gnd = ov) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


High-level Input Voltage (Notes a, 9) 

PINS 1-5. 23-28 


V,H 


2.0 


- 


- 


V 


Low-Level Input Voltage (Notes s. 9) 

PINS 1-5, 23-28 


V,L 


- 


- 


0.8 


V 


Hjgh-Level Output Voltage (Notes a, 9) 

OUT =-40 UA PINS 6-8, 11, 12, 23. 25 


VoH 


2.4 


- 


- 


V 


Low-Level Output Voltage (Notes a. 9) 

1 OUT = 1.6 mA PINS 6-8, 11,12,23,25 


Vol 


- 


- 


0.4 


V 


Input Leakage Current 




- 


- 


±10 


uA 


High Impedance Leakage Current 

PIN 25 (Note 8) 




- 


- 


±10 


uA 




Notes: 8. Functionality of pins 23 and 25 depends on the mode. See Host/Hardware mode description. 
9. Output drivers will output CMOS logic levels into a CMOS load. 



T1 SWITCHING CHARACTERISTICS 

Inputs: Logic = OV, Logic 1 = RV+ ) 



(Ta = - 40 Mo 85 ^ C. V+ = 5.0V ± 5%, GND = OV; 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Crystal Frequency (Noteio) 


fc 


- 


6.176000 


- 


MHz 


TCLK Frequency 


fin 


- 


1.544 


- 


MHz 


ACLK Frequency (Note ii) 


fout 


- 


1.544 


- 


MHz 


RCLK Pulse Width 

(Note 12) 


tpwh 
tpwl 


~ 


324 
324 


" 


ns 
ns 


Duty Cycle (Note 13) 




- 


50 


- 


% 


Rise Time, All Digital Outputs (Note 14) 


tr 


- 


- 


100 


ns 


Fall Time, All Digital Outputs (Note u) 


tf 


- 


- 


100 


ns 


TPOS/TNEG to TCLK Falling Setup Time 


tsu 





- 


- 


ns 


TCLK Falling to TPOS/TNEG Hold Time 


th 


50 


- 


- 


ns 


RPOS/RNEG to RCLK Rising Setup Time 


tsu 


- 


274 


- 


ns 


RCLK Rising to RPOS/RNEG Hold Time 


th 


- 


274 


- 


ns 


Reset Pulse Duration 




0.2 


- 


2000 


us 



Notes: 10. Crystal must meet specifications described In Applications secWon of this data sheet. 

1 1 . ACLK provided by an external source. 

12. The sum of the pulse widths must always meet the frequency specifications. 

13. Duty cycle Is (tpwh / (tpwh + tpwi ) ) * 100%. 

14. At max load of 1 .6 mA and 50 pF. 
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CCI 1 1 SWITCHING CHARACTERISTICS (Ta = 40 mo 85 ^ c. v+ = s.ov ± 5%, gnd = ov; 

Inputs: Logic = OV, Logic 1 = RV+) 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Crystal Frequency (Noteis) 


fc 


- 


8.192000 


- 


MHz 


TCLK Frequency 


fin 


- 


2.048 


- 


MHz 


ACLK Frequency (Note 16) 


fout 


- 


2.048 


- 


MHz 


RCLK Pulse Width 

(Note 17) 


tpwh 
tpwl 


" 


244 
244 


~ 


ns 
ns 


Duty Cycle (Note 18) 




- 


50 


- 


% 


Rise Time, All Digital Outputs (Note 19) 


tr 


- 


- 


100 


ns 


Fall Time, All Digital Outputs (Note 19) 


tf 


- 


- 


100 


ns 


TPOS/TNEG to TCLK Falling Setup Time 


tsu 





- 


- 


ns 


TCLK Falling to TPOS/TNEG Hold Time 


th 


50 


- 


- 


ns 


RPOS/RNEG to RCLK Rising Setup Time 


tsu 


- 


194 


- 


ns 


RCLK Rising to RPOS/RNEG Hold Time 


th 


- 


194 


- 


ns 


Reset Pulse Duration 




0.2 


- 


2000 


us 



Notes: 15. Crystal must meet specifications described in ^ppZ/caf/ons section of this data sheet. 

16. ACLK provided by an external source. 

17. The sum of the pulse widths must always meet the frequency specifications. 

18. Duty cycle is (tpwh / (tpwh + tpwl ) ) * 100%. 

19. At max load of 1 .6 mA and 50 pF. 



SWITCHING CHARACTERISTICS - HOST MODE (Ta = 40 mo 85 ^ c, v+ = 

Inputs: Logic O = OV. Logic 1 = RV+) 


5.0V ±5%; 


Parameter 


Symbol 


Min 


Typ- 


Max 


Units 


SDI to SOLK Setup Time 


tdc 


50 


- 


- 


ns 


SOLK to SDI Hold Time 


tcdh 


50 


- 


- 


ns 


SCLK Low Time 


td 


250 


- 


- 


ns 


SOLK High Time 


tch 


250 


- 


- 


ns 


SCLK Rise and Fall Time 


tr ,tf 


- 


- 


50 


ns 


OS to SCLK Setup Time 


tec 


50 


- 


- 


ns 


SCLK to CS Hold Time 


tech 


50 


- 


- 


ns 


CS Inactive Time 


tewh 


250 


- 


- 


ns 


SCLK to SDO Valid (Note20) 


tcdv 


- 


- 


200 


ns 


CStoSDOHighZ 


tcdz 


- 


100 


- 


ns 



Note: 20. Output load capacitance = 50 pF. 
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Any Digital Output 



90% 



90% 



10% 



10% 



Figure 1. - Signal Rise and Fall Characteristics 
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Figure 2. - Recovered Clock and Data Switching Characteristics 
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Figure 3. - Transmit Clock and Data Switching Characteristics 
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Figure 4. - Serial Port Write Timing Diagram 
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Figure 5. - Serial Port Read Timing Diagram 
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THEORY OF OPERATION 



Transmitter 

The transmitter takes binary (unipolar) data from 
a PCM transceiver and produces alternate bipolar 
pulses of appropriate shape. The transmit clock 
and transmit data (TCLK, TPOS & TNEG) are 
supplied synchronously. Data is sampled on the 
falling edge of the input clock. 

The CCITT pulse shape and Tl pulse shapes for 
line lengths from to 655 feet (as measured 
from the CS61534 to the DSX-1 cross connect) 
are selectable. Pulse shaping and signal level are 
determined by "line length select" inputs and 
require no external circuitry. Pulse shaping is 
accomplished with a slew rate controlled fast 
digital to analog converter. Alternate mark inver- 
sion operation is implemented by driving the line 
in a true differential manner. In order to achieve 
the necessary line voltages, which exceed the 
5 volt supply, a two-to-one, step-up transformer 
is required. The line driver is a low-impedance 
voltage source designed to drive a 25 Q 
equivalent load. 

To place the device in a low power dissipation 
mode (i.e., to disable the drive), the TPOS and 
TNEG should be held low while TCLK 
continues to be input. When any transmit control 
pin (TAOS, LENO-2, LLOOP, or RLOOP) is 
toggled, the transmitter stabilizes within 16 bit 
periods. 



Transmit Line Length Selection 

For Tl applications, the line length selection 
supports both a three partition arrangement for 
ICOT and MAT cable, and a five partition arran- 
gement for ABAM and PIC cable as shown in 
Table 1. For each line length selected, the 
CS61534 modifies the output pulse to meet the 



LEN2 


LEN1 


LENO 


LINE LENGTH SELECTED 
(FEET) 


CABLE TYPE 





1 


1 


0-220 


MAT 
and 
ICOT 








1 


220-440 





1 





440-655 





1 


1 


0-133 


ABAM 
and 
PIC 


1 








133-266 


1 





1 


266-399 


1 


1 





399-533 


1 


1 


1 


533-655 











G.703 


2.048 MHz 
CCITT 



Table 1 - Line Length Selection 



requirements of Technical Advisory 34 and 
TR-TSY-000009. The exact pulse shape 
achieved at the DSX-1 can be effected by details 
of the board layout, transformer selection, and 
other factors. Once board layout is completed, it 
is recommended that the line length settings be 
evaluated. It is possible that an alternative inter- 
pretation of the LEN2/1/0 distance ranges is 
more appropriate. A typical output pulse is 
shown in Figure 6. 

NORMALIZED 
AMPLITUDE 



AT&T TA-34 
SPECIFICATION 




500 750 

TIME (nanoseconds) 



Figure 6 - Typical Pulse Shape at DSX-1 Cross Connect 



The remaining line length selection is for CCITT 
options. Transformer and resistor values depend 
on whether the coax or shielded cable is used, as 
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For coaxial cable, 
75 ohm load 
and transformer 
specified in Table A2. 


For shielded twisted pair. 
120 ohm load 
and transformer 
specified in Table A2. 


Nominal peak voltage of a mark (pulse) 


2.37 V 


3V 


Peak voltage of a space (no pulse) 


+ 0.237 V 


+ 0.3V 


Nominal pulse width 


244 ns 


Ratio of the amplitudes of positive and negative 
pulses at the centerof the pulse interval 


0.95 to 1.05 


Ratio of the widths of positive and negative pulses 


0.95 to 1.05 




Table 2 - CCITT G.703 Pulse Specifications 



shown in the Applications section at the back of 
this data sheet. The CCITT pulse shape meets 
the template shown in Figure 7, assuming the 
conditions shown in Table 2 are met. 



Percent of 
nominal 
peak 
voltage 




Nominal Pulse 



Figure 7 - Mask of the Pulse at the 2048 kbps Interface 
Transmit Jitter Attenuator 

The CS61534 will tolerate and attenuate at least 
seven unit intervals of jitter (peak-to-peak) from 
a signal. Figure 8 shows a family of curves 
which show the jitter attenuation achieved by the 
CS61534 at Tl data rates. Each curve shows the 
jitter attenuation for a signal with constant jitter 
amplitude over a range of jitter frequencies. The 



UNIT INTERVALS 
OF INPUT JITTER 



-40 
dB 




Measurements nnade at 1 .544 MHz 
with 6.1 76 MHz ± 200 ppm crystal 



10 100 Ik 10k (Hz) 

Figure 8 - CS61534 Jitter Attenuation Curves 

more jitter a signal has, the more the jitter is 
attenuated. The jitter attenuator on the transmit- 
ter side meets the jitter attenuation and input 
tolerance specifications of AT&T Publication 
43802, as shown in Figures 9 and 10. CCITT 
jitter attenuation performance is discussed in the 
Applications section (page 17). 



BELL SYSTEM 
PUB 43802 
SPECIFICATION 




Input of five 
unit intervals 
of jitter at all 
frequencies. 



100 Ik 

JITTER FREQUENCY (Hz) 

Figure 9 - Jitter Attenuation Characteristics 
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. "20 
16 36 



im 366 1k W 

JITTER FRECXJENCY (Hz) 



Figure 10 - Input Jitter Tolerance 

Jitter attenuation is accomplished by means of a 
16-bit FIFO and a variable oscillator. The 
frequency of the variable oscillator is controlled 
by logic in the CS61534 to be the same as the 
average input clock signal, TCLK. TCLK 
controls the write pointer of the FIFO. Data 
present on TPOS/TNEG is written into the 
memory location selected by the write pointer. 
The read pointer of the FIFO, and the transmit 
frequency of the device, are determined by the 
crystal oscillator. Internal logic tracks the rela- 
tive positions of the FIFO's pointers, and adjusts 
the oscillator's load capacitance, which controls 
its frequency to maintain the FIFO in a half full 
condition (read and write pointers kept 8-bits 
apart). Slow changes in input signal frequency 
are tracked, while high frequency variations in 
the TCLK signal are absorbed by the FIFO. 

The external reference crystal used by the jitter 
attenuator should have a nominal frequency of 
6.176 MHz, (8.192 MHz for CCITT rates), and 
have a pull range, in the oscillator circuit, that is 
sufficient to meet the frequency tolerance 
requirements specified for the system. Further- 
more, the frequency tolerance must be met over 
all operating temperatures. The jitter attenuator 
can be disabled by driving XTALIN with a clock 
which is exactly four times the TCLK frequency. 
Disabling the jitter attenuator also disables 
remote loopback. 



Transmit All Ones Select 

The transmitter provides for all ones insertion at 
the frequency of the alternate clock input, 
ACLK. The transmit clock can be used as the 
alternate clock by connecting pins 1 and 2 
together. Transmit all ones is selected when 
TAOS goes high, and causes continuous ones to 
be transmitted on the line (TTIP and TRING) 
using the alternate clock, ACLK. In this mode, 
the TPOS, TNEG and TCLK inputs are ignored. 
If Remote Loopback is in effect, any TAOS 
request will be ignored. 

Receiver 

The receiver extracts data and clock from an 
AMI (Alternate Mark Inversion) coded signal 
and outputs clock and synchronized data. The 
receiver is sensitive to signals over the entire 
range of DSX-l/CCITT cable lengths and 
requires no equalization. The signal is received 
on both ends of a center-tapped, center-grounded 
transformer. The transformer is center tapped on 
the CS61534 side. The clock and data recovery 
circuit meets or exceeds the jitter tolerance 
specifications of Publication 43802 and CCITT 
G. 823, (see Figure 10). 

The two leads of the transformer (RTIP and 
RRING) have opposite polarity allowing the 
receiver to treat RTIP and RRING as unipolar 
signals. Comparators are used to detect pulses on 
RTIP and RRING. The comparator thresholds 
are dynamically established by peak detectors. 

Clock recovery is achieved through a frequency 
and phase lock loop (FPLL). Upon power up 
and reset of the CS61534, and prior to the start 
of clock acquisition, the FPLL has its center 
frequency trained. A current controlled oscillator 
(ICO) is trained relative to the crystal oscillator 
frequency reference. The current is adjusted until 
it is just sufficient to change a fixed capacitor to 
a fixed reference voltage in a half period of the 
reference clock. This current is then held 
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constant. The FPLL is controlled, small signal, 
by the output of the phase detector and loop 
filter, which takes the form of a current. This is 
added to the fixed current to modulate the ICO 
about the center frequency and close the loop. 
This training limits the lock range of the FPLL to 
± 6% of the trained frequency (1.544 MHz for 
Tl or 2.048 MHz for CCITT), guaranteeing that 
the FPLL is immune to false lock. The FPLL is 
insensitive to variations in temperature and slight 
variations in power supply voltage, but fairly 
large changes in power supply voltage will 
change the control current in the FPLL, reducing 
its effectiveness. 

In the hardware mode, data at RPOS and RNEG 
is stable and may be sampled on the rising edge 
of the recovered clock. In the host mode, CLKE 
determines the clock polarity for which output 
data is stable and valid as shown in Table 3. 



MODE 
(pin 5) 


CLKE 
(pin 28) 


DATA 


CLOCK 


Clock Edge for 
Valid Data 


LOW 


X 


RPOS 
RNEG 


RCLK 
RCLK 


Rising 
Rising 


HIGH 


LOW 


RPOS 
RNEG 
SDO 


RCLK 
RCLK 
SCLK 


Rising 
Rising 
Falling 


HIGH 


HIGH 


RPOS 
RNEG 
SDO 


RCLK 
RCLK 
SCLK 


Falling 
Falling 
Rising 



X= Don't care 

Table 3 - Data Output / Clock Relationship 

Loss of Signal 

The receiver reports loss of the received signal 
on the Loss of Signal pin, LOS. The threshold 
for loss of signal is 0.5 volts. A loss of signal 
will be indicated within 200 bit periods if an 
active signal falls below the threshold. In the 
event that the input signal drops to zero volts, the 
loss of signal will be indicated within 32 bit 
periods. When a loss of signal is detected, RPOS 
and RNEG are not valid, but the receiver will 



continue to try to recover data. LOS will return 
to a low state when a valid signal returns to 
RTIP and RRING. RCLK is always output but 
may drift up to 6% from the nominal frequency. 
Note that in the host mode, LOS is simulta- 
neously available from pin 12 and the register. 

Local Loopback 

The local loopback mode bypasses the receive 
circuit and routes the digital transmit clock and 
data to the receive clock and data pins. A local 
loopback occurs in response to LLOOP going 
high. The transmit data and clock signals (TPOS, 
TNEG and TCLK) are sent out on the line 
through mP and TRING unless transmit all 
ones, TAOS, is selected, in which case AMI- 
coded continuous ones are transmitted on the 
line at the rate determined by ACLK. 

Remote Loopback 

In remote loopback, the recovered clock and data 
input on RTIP and RRING are sent through the 
elastic store to remove jitter, and back out on the 
line via TTIP and TRING. Selecting remote 
loopback overrides any TAOS request (see Table 
4). The recovered incoming signals are also sent 
to RCLK, RPOS and RNEG. A remote loopback 
occurs in response to RLOOP going high. 
Simultaneous selection of local and remote loop- 
back modes is not valid (see Reset). Bipolar 
violations are passed unchanged through the 
CS61534 during remote loopback. 




RLOOP 
Input 
Signal 


TAOS 
Input 
Signal 


Source of 

Data for 

TTIP & TRING 


Source of 

Clock for 

TTIP & TRING 








TPOS & TNEG 


TCLK 





1 


alMs 


ACLK 


1 


X 


RTIP & RRING 


RTIP & RRING 



Notes: 

1 . X = Don't care. The Identified All Ones Select Input is ignored 
when the indicated loopback is In effect. 

2. Logic 1 indicates that Loopback or All Ones option is selected. 

Table 4 - Interaction of RLOOP and TAOS 
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Driver Performance Monitor 

To aid in early detection and easy isolation of 
nonfunctioning links, the CS61534 is able to 
monitor transmit drive performance and report 
when the driver is no longer operational. This 
feature can be used to monitor either the device's 
performance or the performance of a neighbor- 
ing CS61534. The driver performance monitor 
indicator is normally at a low (zero) logic level, 
and goes to high level upon detecting driver 
failure. 

The driver performance monitor consists of a 
receiver that monitors the transmitted signal on 
input pins, MTEP and MRING. If no signal is 
present on MTIP and MRING for 32 clock 
cycles, the DPM pin goes high. 

Whenever more than one CS61534 reside on the 
same circuit board, the effectiveness of the driver 
performance monitor can be maximized by 
having each CS61534 monitor performance of a 
neighboring CS61534 device, rather than having 
it monitor its own performance. Note that in the 
host mode, DPM is available from both the 
register and pin 11. 

Reset 

The CS61534 initiates internal reset procedures 
either upon power up or in response to a reset 
request. After initial power up, the device will 
delay for 10 ms after the oscillator starts to allow 
the power supply and the oscillator to stabilize 
before initiating the training procedure for the 
FELL. Training the FELL takes at most 43 ms, 
but typically requires less than half that amount 
of time. If the power supply has not reached 
stable operating voltage within 10 ms, the device 
should be reset after the power supply has stabil- 
ized. These conditions should also be adhered to 
if temporary loss of power supply occurs. 

In the Hardware Mode, a reset request is made 
by simultaneously setting both RLOOP and 



LLOOP high for a period not to exceed 2 ms. 
Reset will be completed within 53 ms after the 
falling edge of the reset request (falling edge of 
RLOOP and LLOOP). 

In the Host Mode, a reset is initiated by simulta- 
neously writing RLOOP and LLOOP to the 
register. The device will first clear its data 
registers then initiate the FPLL training proce- 
dure which will be complete within 53 ms. 

During the reset procedure, the loss of signal 
indicator, LOS, is high. Once the reset proce- 
dures are completed, the loss of signal indicator 
goes low signifying that normal operation of the 
device has begun. 

Mode of Operation 

The CS61534 can be operated in two modes, the 
hardware mode and the host mode. In the 
hardware mode, discrete pins are used to inter- 
face the device's control functions and status 
information. In the host mode, the CS61534 is 
connected to a host processor and a serial data 
bus is used for input and output of control and 
status information. There are six dual function 
pins whose functionality is determined by the 
mode pin, MODE. Table 5 shows the pin defini- 
tions. 



PIN# 


MODE 


HARDWARE 


HOST 


PIN 23 
PIN 24 
PIN 25 
PIN 26 
PIN 27 
PIN 28 


LENO 

LEN1 

LEN2 

RLOOP 

LLOOP 

TAOS 


INT 
SDI 
SDO 

e^ 

SCLK 
CLKE 



Table 5 - Pin Definitions 

Serial Interface 

In the host mode, pins 23 through 28 serve as a 
microprocessor/microcontroller interface. One 
on-board register can be written to the SDI pin or 
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read from the SDO pin at the clock rate deter- 
mined by SCLK. Through this register, a host 
controller can be used to control operational 
characteristics and monitor device status. The 
serial port read/write timing is independent of 
the system transmit and receive timing. 

Data transfers are initiated by taking the chip 
select input, CS, low (CS must initially be high). 
Address and input data bits are clocked in on the 
rising edge of SCLK. The clock edge on which 
output data is stable and valid is determined by 
CLKE as shown in Table 3. Data transfers are 
terminated by setting CS high. CS may go high 
no sooner than 50 ns after the falling edge of the 
16th SCLK cycle, and must go high before the 
rising edge of the 24th SCLK cycle. 

Figure 1 1 shows the timing relationships for data 
transfers when CLKE = 1. When CLKE = 0, 
data output from the serial port, SDO, is valid on 
the falling edge of SCLK. Data bit D7 is held 
until the rising edge of the 17th clock cycle. 

An address/command byte, shown in Table 6, 
precedes a data register. The first bit of the 
address/command byte determines whether a 
read or a write is requested. The next six bits 
contain the address. The CS61534 responds to 
address 16 (0010000). The last bit is ignored. 



LSB, first bit 





R/W 


Read/Write Select; » write. 1 


= read 




1 


ADDO 


LSB of address. Must be 






2 


ADD1 


Must be 






3 


ADD2 


Must be 






4 


ADD3 


Must be 






5 


ADD4 


Must be 1 






6 


- 


Reserved - Must be 




l\4SB. last bit 


7 


X 


Don't Care 





Table 6 - Address/Command Byte 
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The data register, shown in Table 7, can be 
read/written by the serial port Data is input/- 
output on the eight clock cycles inmiediately 
following the address/conmiand byte. Bits and 
1 are read only. During a write to the register, the 
CS61534 ignores the first two bits of the data 
byte. SDO goes to a high-impedance state when 
not in use. SDO and SDI may be tied together in 
applications where the host processor has a 
bidirectional I/O port. 




LSB: first bit 
in or out 




1 


LOS 
DPM 


Loss Of Signal 

Driver Perfomiance Monitor 


MSB: last bit 


2 
3 
4 
5 
6 
7 


LENO 

LEN1 

LEN2 

RLOOP 

LLOOP 

TAOS 


Bit 0- Line Length Select 
Bit 1 - Line Length Select 
Bit 2 -Line Length Select 
Remote Loopback 
Local Loopback 
Transmit All Ones Select 


in or out 









Table 7 -Data Register 
Power Supply 

The device operates from a single 5 volt supply. 
Separate pins for transmit and receive supplies 
provide intemal isolation. However these pins 
may be connected externally with no impact on 
device performance, provided the power supply 
pins are decoupled to their respective grounds. 
The transmit power supply should be decoupled 
from ground with a 68 |iF capacitor and a mylar 
or ceramic 1.0 jiF capacitor. A 0.1 ^iF mylar or 
ceramic capacitor should be used on the receive 
power supply. These capacitors should be 
located physically close to ttie device. TV+ must 
not exceed RV+ by more than 0.3V. 



r 



SCLK 




■ ADDRESS/COMMAND 



DATA INPUT/OUTPUT- 



NOTE: SDI sampled on rising edge of SCLK; SDO updated on falling edge of SCLK (CLKE = 1 ). 
Figure 11 - Input / Output Timing 
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ALTERNATE EXTERNAL CLOCK ACLK 

TRANSMIT CLOCK TCLK 

TRANSMIT POSITIVE PULSE TPOS 

TRANSMIT NEGATIVE PULSE TNEG 

MODE SELECTION MODE 

RECEIVED NEGATIVE PULSE RNEG 

RECEIVED POSITIVE PULSE RPOS 

RECOVERED CLOCK RCLK 

CRYSTAL CONNECTION XTALIN 

CRYSTAL CONNECTION XTALOUT 

DRIVER PERFORMANCE MONITOR DPM 

LOSS OF SIGNAL LOS 

TRANSMIT TIP TTIP 

TRANSMIT GROUND TGND 



[iiW^ 


[2 


27] 


[3 


26] 


[4 


25] 


[5 


24] 


C6 


23] 


[7 


22] 


[8 


21] 


[9 


20] 


C10 


19] 


Cn 


18] 


[12 


17] 


[13 


16] 


[14 


15] 



TAOS/CLKE TRANSMIT ALL ONES / CLOCK EDGE 

LLOOP/SCLK LOCAL LOOPBACK / SERIAL CLOCK 

RLOOP/CS REMOTE LOOPBACK / CHIP SELECT 

LEN2/SD0 LINE / SERIAL DATA OUT 

LEN1/SDI LENGTH / SERIAL DATA OUT 

LENO/INT SELECT / ALARM INTERUPT 

RGND RECEIVE GROUND 

RV+ RECEIVE V+ (+5VDC) 

BRING RECEIVE RING 

RTIP RECEIVE TIP 

MRING MONITORED RING 

MTIP MONITORED TIP 

TRING TRANSMIT RING 

TV+ TRANSMIT V+ (+5VDC) 




MODE[ 
RNEG[ 
RPOS[ 
RCLK[ 
XTALIN [ 
XTALOUT C 
DPM [ 



^^ 12 13 14 15 16 17 18''^^ ^"^^^ 



28 27 2625 3 LEN2/SDO 
24 ] LENI/SDi 
23] LENO/INT 
22] RGND 
21 ] RV+ 
20] RRINQ 




TGND 



Power Supplies 

TV+ - Positive Power Supply, Transmit Drivers, Pin 15. 

Positive power supply for the transmit drivers; typically +5 volts. TV+ must not exceed RV+ by 
more than 0.3V. 

TGND - Ground, Transmit Drivers, Pin 14. 

Power supply ground for the transmit drivers; typically volts. 

RV+ - Positive Power Supply, Pin 21. 

Positive power supply for the device, except transmit drivers; typically +5 volts. 

RGND - Ground, Pin 22. 

Power supply ground for the device, except transmit drivers; typically volts. 
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Oscillator 



XTALIN, XTALOUT - Crystal Connections, Pins 9 and 10. 

A 6.176 MHz (8.192 MHz for CCITT applications) crystal should be connected across these 
pins. If desired, an externally generated 6.176 MHz (8.192 MHz for CCITT) clock signal may 
be input to XTALIN, pin 9; XTALOUT, pin 10, should be left floating. Overdriving the 
oscillator with an external source disables the jitter attenuator. This externally generated clock 
must be exactly four times the frequency of the TCLK signal. 

Control 

MODE - Mode Select, Pin 5. 

Setting MODE to logic 1 puts the CS61534 in the host mode. In the host mode, a serial control 
port is used to control the CS61534 and determine its status. Setting MODE to logic puts the 
CS61534 in the hardware mode, where configuration and status are controlled by discrete pins. 
MODE defines the status of pins 23 through 28. 

Hardware Mode 

TAOS - Transmit All Ones Select, Pin 28. 

Setting TAOS to a logic 1 causes continuous ones to be transmitted at the frequency determined 
byACLK. 

LLOOP - Local Loopback, Pin 27. 

Setting LLOOP to a logic 1 routes the transmit clock and data to the receive clock and data pins, 
bypassing the receive circuit. TCLK and TPOS/TNEG are still transmitted unless overridden by 
a TAOS request. 

RLOOP- Remote Loopback, Pin 26. 

Setting RLOOP to a logic 1 causes the recovered clock and data to be sent through the jitter 
attenuator and through the driver back to the line. The recovered signal is also sent to RCLK 
and RPOS/RNEG. Any TAOS request is ignored. If the oscillator is being driven with a 4x 
clock, the remote loopback function is not possible. 

Simultaneously taking RLOOP and LLOOP high for less than 2 ms initiates a device reset. 

LENO, LENl, LEN2 - Line Length Selection, Pins 23, 24 and 25. 

Determines the shape and amplitude of the transmitted pulse to acconmiodate several cable 
types and lengths. See Table 1 for information on line length selection. 

Host Mode 




INT - Receive Alarm Interrupt, Pin 23. 

Goes low when received signal is lost ( LOS is high), or the transmitter driver has failed (DP M 
is high), to flag the host processor. INT will stay low until the fault condition goes away. INT is 
an open drain output and should be tied to the positive supply through a resistor. 
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SDI - Serial Data Input, Pin 24. 

Data for the on-chip registers and is sampled on the rising edge of SCLK. 

SDO - Serial Data Output, Pin 25, 

Status and control information from the on-chip registers. If CLKE is high SDO is valid on the 
rising edge of SCLK. If CLKE is low SDO is valid on the falling edge of SCLK. This pin goes 
to a high-impedance state when the serial port is being written to or CS is high. 

CLKE - Clock Edge, Pin 28. 

Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the falling edge of RCLK, and 
SDO to be valid on the rising edge of SCLK. Conversely, setting CLKE to logic causes RPOS 
and RNEG to be valid on the rising edge of RCLK, and SDO to be valid on the falling edge of 
SCLK. 

SCLK . Serial Clock, Pin 27. 

Clock used to read or write the serial port registers. 

CS - Chip Select, Pin 26. 

Pin must transition from high to low to read or write the serial ports. 

Inputs 

ACLK - Alternate External Clock, Pin 1. 

This input should be tied to TCLK or some other externally generated 1.544 (or 2.048) MHz 
clock. The frequency of ACLK determines the rate at which TAOS is output. 

TCLK, TPOS, TNEG - Transmit Clock, Transmit Positive Data, Transmit Negative Data - Pins 2, 
3 and 4. 

Inputs for clock and data to be transmitted. Signal jitter is attenuated and the signal is driven on 
to the line through TTIP and TRING. TPOS and TNEG are sampled on the falling edge of 
TCLK. A TPOS input causes a positive pulse to be transmitted, while a TNEG input causes a 
negative pulse to be transmitted. 

RTIP, RRING - Receive Tip, Receive Ring, Pins 19 and 20. 

The AMI receive signal is input to these pins. A center-tapped, center-grounded, 2:1, step-up 
transformer is required on these inputs, as shown in Figure Al. Data and clock are recovered 
and output on RPOS/RNEG and RCLK. 

MTIP, MRING - Monitored Tip, Monitored Ring, Pins 17 and 18. 

These pins are normally connected to TTIP and TRING and monitor the output of a CS61534. 
If the monitors are not used, tying MTIP low and MRING high through a resistor will reduce 
power consumption slightly. If the INT pin in the host mode is used, and the monitor is not 
used, input a clock signal to one of the monitor pins and tie the other monitor pin to 
approximately the clock's mid-voltage level. This clock frequency can range from 100 kHz to 
the TCLK frequency. 
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Status 



LOS - Loss of Signal, Pin 12. 

LOS goes to a logic 1 when the received signal falls below a 0.5 volt threshold, or after 32 
clock cycles with out a detected one. LOS returns to logic when signal returns. 

DPM - Driver Performance Monitor, Pin 11. 

If no signal is present on MTIP and MEQNG for 32 clock cycles, DPM goes to a logic 1 until 
the first detected signal. 

Outputs 

RCLK, RPOS, RNEG - Recovered Clock, Receive Positive Data, Receive Negative Data - Pins 8, 
7 and 6. 

Data and clock are recovered from the RTIP and RRING inputs are output at these pins. A 
signal on RPOS corresponds to a positive pulse received on RTIP and RRING, while a signal on 
RNEG corresponds to the receipt of a negative pulse. RPOS and RNEG are NRZ. In the 
hardware mode, RPOS and RNEG are stable and valid on the rising edge of RCLK. In the host 
mode, CLKE determines the clock edge for which RPOS and RNEG are stable and valid. See 
Table 3. 

TTIP, TRING - Transmit Tip, Transmit Ring, Pins 13 and 16. 

The AMI signal is driven to the line through these pins. This output is designed to drive a 25 ft 
load. A 2:1 step-up transformer is required as shown in Figure Al. When driving 75 Q coax 
cable, two 2.2 Q resistors should be added as shown in Figure A2. The transmitter will drive 
twisted-shielded pair cable, terminated with 120 Q, without additional components. 
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APPLICATIONS 



Line Interface 



m^. 



OVr 

r 



CS61534 „„ 



RCLK RV* ^^ 

XTAUN RRING > 
XTALOUT RTIP 

DPM MRING 

LOS MT1P 

P TRING 

TGND TV* 




T+5V 






LINE 
RECEIVE 



LINE 
TRANSMIT 



Figure Al. - Typical Configuration Showing 
Line Interface 



Figure Al shows the typical configuration for 
interfacing the CS61534 to a Tl line through 
transmit and receive transformers. The receiver 
transformer is center tapped and center grounded 
with 200 £1 resistors between the center tap and 
each leg on the CS6 1534 side. These resistors 
provide the 100 Q termination for the Tl line. 
When terminating twisted-shielded pair cable, 
240 Q resistors will provide the required 120 Q 
load. 

Figure A2 shows the configuration needed for 
transmitting data at 2.048 MHz onto a 75 iQ coax 
cable. The 2.2 Q. resistors serve two functions. 



CS61S34 
rtRPOS RGNDp 
C RCLK RV.I- 

8 192 MHZ?^ "''"'* 
^-^^"""^ XTALOUT RTIPp 

C DPM MRING 

QLOS MTIP 

TRING 

TV* 




3[ 2.048 MHz 
_35 TRANSMIT 



Figure A2. - Configuration for Transmitting 
onto 75 Q Coax 



First, they provide the appropriate 25 Q load to 
TUP and TRING. Second, the resistors attenuate 
the signal slightly to meet the CCITT pulse 
amplitude requirements. Note that these 2.2 Q 
resistors should not be used when interfacing to 
CCITT 120 Q cable. For the receiver, the 
terminating resistors should be 150 Q. to provide 
the necessary 75 Q termination to the line. 

Decoupling and filtering of the power supplies is 
crucial for proper operation of the analog 
sections in the transmit and receive paths. If the 
same power and ground buses supply both the 
transmitter and receiver supply inputs, the 68 pF 
capacitor shown on the transmit supply can be 
eliminated. The decoupling capacitors shown in 
Figures Al and A2 should be high grade 
capacitors, (i.e., 68 pF - tantalum or better; 1.0 
and 0.1 mF - mylar or ceramic), and should be 
located as close as possible to the power supply 
pins of the chip. Wire wrap bread-boarding of 
the CS61534 is not recommended because lead 
resistance and wrap inductance serve to defeat 
the function of the decoupling capacitors. 



Selecting an Oscillator Crystal 



(^-M^an 



CRYSTAL MODEL 



-^ 



-^ 



Figure A3. - Equivalent Circuit of Oscillator 

Figure A3 shows an equivalent representation of 
the oscillator circuit. The variable load capacitor 
is internal to the CS61534. The value of this 
capacitor is controlled by logic internal to the 
CS61534. Based on this model, equations 1 and 
2 have been developed to help calculate the 
required crystal parameters necessary to meet 
system requirements. 
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CS61534. Based on this model, equations 1 and 
2 have been developed to help calculate the 
required crystal parameters necessary to meet 
system requirements. 

Two important parameters in this model are the 
upper and lower bounds of Cioad (the variable 
load capacitor) and the value of Co. Co can be 
used to control the series resonant frequency of 
the crystal. The minimum value of Cioad sets the 
maximum parallel resonant frequency. Together, 
Co and Cioad can be used to set the pull range of 
the oscillator and its maximum and minimum 
frequencies. 

Determining Required Pull Range 

Four factors contribute to the required pull 
range of the crystal: 

1) The frequency range required for the 

application, 

2) The frequency drift of the crystal over 

the operating temperature range, 

3) The variability in load capacitance from 

ICtoIC, 

4) The accuracy to which the crystal can be 

manufactured. 
All of these factors have been measured or can 
be controlled. 



For a given crystal geometry, the series resonant 
frequency of the crystal is inversely proportional 
to Co. The relationship of the crystal's series 
resonant frequency to its parallel resonant 
frequency in the oscillator circuit determines the 
pull range of the oscillator. The further away the 
series resonant frequency is from the parallel 
resonant frequency (which is set by the load 
condition in the oscillator circuit) the greater the 
pull range of the crystal. That is: a smaller Co 
(greater series resonant frequency) results in less 
pull range, while the larger the Co (lower series 
resonant frequency), the greater the pull range. 

The series resonant frequency of the crystal is 
calculated by Equation 1. 




fN- 



Af 



2(Cl-Ch) 



(Cl+Ch+2Co) [C'sinpF] (1) 



fs = 

fN = 

Af = 

Cl = 

Ch = 



series resonant frequency of crystal 

4 * Nominal Signal Frequency 

- should be 6.176000 MHz for North America (Tl) 

- should be 8.192000MHz for Europe (CCITT) 

required pull range of crystal in Hz (Appm*fr^) 

load capacitance for low frequency oscillation 
(average is -38.0 pF) 

load capacitance for high frequency oscillation 
(average is -- 10.5 pF) 





T1 


CEPT 


^s^^^ Frequency 
^\Tolerance 

CLinpf^\^ 


6.176000 MHz 

+130 ppm or less 


8.192000 MHz 
±50 ppm or less 


Ciowfreq 
min 34.0 


6175197 - Atd 


8191590 - Atd 


Chighfreq 
max 11.7 


6176803 +Atd 


8192410 + Atd 


MAXIMUM 
ALLOWABLE 
PULL RANGE 


390 ppm 


230 ppm 



Atd = crystal temperature drift from -40 to +85 deg. C. 

Table Al. - Tl and CEPT Requirement 



The parallel resonant frequency is calculated by 
Equation 2. 



Ci+Cioad+Cg\l/2 



^- = ^(^^^^) 



(2) 



Table Al shows the crystal frequency as a 
function of load capacitance. The deviation in 
frequency from the nominal is shown in ppm. 
Temperature drift has been accounted for as 
shown. The accuracy to which Co can be 
controlled, and the accuracy to which a crystal 
can be trained or calibrated should be factored 
in to guarantee that the required frequency range 
will be met. 
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Crystal 
Under 
Test 



Figure A5 shows the connections for some of the 
recommended transformers for the transmitter. 







^3 






1L 




IC 
SIDE 


] 


f5 


LINE 
SIDE 




21 


S6 





Figure A4. - Crystal Pull Range Test 



Bell Fuse 0553-5006-IC 
Schott Corp. 67112060 
Pulse Engineering 5764 & FAL 1.0 



Figure A5.- Some Recommended 
Transmitter/Transformer Connections 



The setup shown in Figure A4 can be used to test 
crystals. When no ACLK signal is applied to the 
device, the oscillator will tend to pull to one 
extreme of its pull range. Momentarily pressing 
the push button moves the relative positions of 
the FIFO pointers and if the write pointer stops 
(when the push button opens) in the right 
relationship to the read pointer, the oscillator will 
pull to the other end of its range. It may take a 
few tries. 



Key transmit transformer specifications are: 

Turns ratio: 1:2 (or 1:1:1) ±5%, 
Primary inductance: 600 pH min measured at 
lOkHz and 0.005 VRMS. 
Leakage inductance: 1.3 jxH max with secondary 

shorted. 
Interwinding capacitance: 23 pF max, primary 
to secondary 



Transformers 

Transformers listed in Table A2 have been found 
to be suitable for use with the CS61534. 



Manufacturer 


Pan# 


Pulse Engineering 


5764 


Pulse Engineering 


FAL 1.0 


Pulse Engineering 


FAL 4.1 


Schott Corp. 


67112060 


Bell Fuse 


0553-5006-IC 


Nova Magnetics 


6500-07-011 


MIdcom 


671-5832 



Note: The Pulse Eng. 1682x is still acceptable, but the 
other Pulse Engineering transformers are preferred. 



To save on power consumption under normal 
operating conditions, the output drivers are 
powered down during the transmission of a 
space (zero) on to the line. Approximately one 
quarter cycle prior to transmitting a mark (one), 
the drivers are enabled. The transformer, inter- 
acting with the driver, can cause a slight voltage 
difference (<200 mV) between the driven zero 
and the non-driven zero. We recommend that this 
effect be eliminated by inserting a >0.2uF non- 
polarized capacitor in series with the primary of 
the transmit transformer. Consult the factory for 
more information. 



Table A2. - Suitable Transformers 
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Receive Side Jitter Attenuation 

In some applications it is desirable to attenuate 
jitter from the received signal. A CS61600 PCM 
jitter attenuator can be used to remove at least 
seven unit intervals of jitter from the recovered 
clock and data as shown in Figure A6. In the host 
mode, the inverter is not needed if CLKE is high. 



RNEG*- 
CLKOUT^ 

Jitter-free 
clock and data 

RPOS-^ 



CS61600 

(master) 

DOUT DIN 
CLKOUT CLKIN 








CS61534 

RNEG 
RPOS 
RCLK 












CS61534 
(slave) 

DOUT DIN 
CLKIN 






<< 


:^ 



cross connect. As shown in Figure A7, the 
CS61534 is applicable in customer premises 
systems that interconnect to a channel service 
unit (CSU), and in network equipment that 
connects to a DSX-1 cross connect. 



Interfacing The CS61534 With Tl Digital 
Transceivers 

This section gives general guidance on how to 
interface the CS61534 with digital Tl framing 
and signaling transceivers such as the R8070, 
and DS2180. Design attention must be given to 
insure that the devices are properly interfaced. 
To interface with the R8070, connect the devices 
as shown in Figure AS. The CS61534 is shown 
in the hardware mode. 




Figure A6 - Receive Jitter Attenuation 

Applicable Systems 

Figure A7 shows a Tl span from a customer 
premises location through a TELCO DSX-1 



PABx 
DATA PBx 



Customer 
Premises 
System 


6 
1 
5 
3 
4 










- 


6 

1 
5 
3 
4 


Channel 
Service 
Unit 








Repeator 
#1 




t 








♦ 



LAN GATEWAY 

FEP 

T1 MULTIPLEXOR 



TCLK > 
TPOS D- 
TNEG y- 



RNEQ 
RPOS 
RCLK 
R8070 



C ACLK 
-MI TCLK 
-HI TPOS 
-«t TNEG 
r-C MODE 
-C RNEG 
— C RPOS 
— C RCLK 



TAOS > 
LLOOP3. 
RLOOP3- 
LEN2 3- 
LEN1 
LEND 
RQND 
RV+ 
CS61534 



V+ V4 

ioo|^i resetJ: 



:t5V ' 0.1 uF 



Figure A8. - Interfacing the CS61534 with and R8070 
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Figure A7. - Application of CS61534 
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To interface with the DS2180, connect the 
devices as shown in Figure A9. In this case, the 
CS61534 and DS2180 are in host mode 
controlled by a microprocessor serial interface. If 
the CS61534 is used in hardware mode, then the 
CS61534 RCLK output must be inverted before 
being input to the DS2180. 



TO HOST CONTROLLER 



^ 



SOLK TCLK ] 

SDO TPOS : 

SDI TNEGp- 
CS 



RNEQp- 

RPOS 

ROLKp- 

DS2180 



>- 



— Ur- 



V+i 100k '- 



ACLK CLKE> 
SCLK>-I 

{Itpos CS 

t TNEQ SDO 
MODE 

Crneg 

C RPOS RGNDp- 

C RCLK RV+ 



SDI> 
lNT> 



CS61534 



OV 



1^57- 



^ 



v+ 
^22k 

IF 68u F 



Figure A9. ■ Interfacing the CS61534 with a DS2180 



CS61574 Compatibility 

See the application note: ''CS61534 Design 
Guidelines to Insure Compatibilty with 
CS61574\ 
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T1 Line Interface 



Features 

• Provides Analog T1 Line interface 

• Fully Compatible with T.A. #34, 
Publication 43802 & TR-TSY-000009 

• Programmable Pulse-Shaping Line 
Driver 

• Performs Data and Timing Recovery 

• Implements ISDN Primary Rate and 
DM I Interface 

• Diagnostic and Performance 
Monitoring Features 

• Selectable B8ZS Encode/Decode 

• Jitter Attenuator 

• 3 Micron CMOS for High Reliability 



General Description 

The CS61544 combines the analog transmit and 
receive line interface functions for a T1 system interface 
in one 28 pin device. The T1 line interface operates from 
a single 5V supply, is transparent to the T1 framing for- 
mat, and can work with ABAM and other cable types. 
Crystal's SMART ANALOG^^ circuitry shapes the transmit 
pulse internally, providing the appropriate pulse shape at 
the DSX-1 cross-connect for line lengths ranging from 
to 655 feet. Maximum range is greater than 1500 feet. 
The transmitter uses an elastic store to remove jitter from 
the outgoing data prior to transmission. 

Applications 

• Interfacing Network Equipment such as Multiplexors, 
Channel Banks and Switching Systems to a DSX-1 
Cross Connect 

• Interfacing Customer Premises Equipment such as 
PABXs, T1 Multiplexors, Data PBXs and LAN Gateways 
to a Channel Service Unit, orTI modem. 

ORDERING INFORMATION 
CS61544-IP - 28 Pin Plastic DIP 
CS61544-ID-28PinCerdip 
CS61544-IL - 28 Pin PLCC (j-leads) 




Block Diagram 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Min 


Max 


Units 


DC Supply (referenced to GND) 


RV+, TV+ 


- 


6.0 


V 


Input Voltage, Any Pin (note i) 


Vin 


RGND-0.3 


RV+ + 0.3 


V 


Input Current, Any Pin (note i & 2) 


lin 


- 


10 


mA 


Ambient Operating Temperature 


Ta 


-40 


85 


°C 


Storage Temperature 


Tstg 


-65 


150 


°C 



Notes: 1 . Excluding RTIP and RRING. 

2. Transient currents of up to 100 mA will not cause SCR latch-up. 
WARNING: Operation at or beyond these limits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Supply (notes) 


RV+, TV+ 


4.75 


5.0 


5.25 


V 


Ambient Operating Temperature 


Ta 


-40 


25 


85 


°c 


Total Power Dissipation (note 4) 

1 00% ones density & max. line length @ 5.25 V 


Pd 


- 


- 


760 


mW 



Notes: 3. TV+ must not exceed RV+ by more than 0.3V. 

4. Power dissipation while driving 25^ load, over operating temperature range. 
Includes CS61544 and load. 



DIGITAL CHARACTERISTICS (Ta = -4o ^c to 85 -C; v+ = 5 ov ± 5%; gnd = ov) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


High-level Input Voltage 

PINS 1-5, 7,23-28 


V,H 


2.0 


- 


- 


V 


Low-Level Input Voltage 

PINS 1-5, 7, 23 -28 


V,L 


- 


- 


0.8 


V 


High-Level Output Voltage (note 5) 

|OUT=-40UA PINS 6, 8-12 


^OH 


2.4 


- 


- 


V 


Low-Level Output Voltage (note 5) 

l0UT= 1.6 mA PINS 6, 8-12 


V 


- 


- 


0.4 


V 


Input Leakage Current 




- 


- 


±10 


uA 



Note: 5. Output drivers will output CMOS logic levels into a CMOS load. 



Specifications are subject to change without notice. 
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ANALOG CHARACTERISTICS (Ta = -40°c to +85°C; v+ = s.ov ±5%; gnd = ov) 


Parameters 


Min 


Typ 


Max 


Units 


AMI Output Pulse Amplitudes 

^ Measured at the DSX 


2.4 


3.0 


3.6 


Vcp 


Load Presented to Transmitter Output 

^ (note 6) 


- 


25 


- 


ohms 


Input Jitter Tolerance-Transmitter 


7.0 




- 


Unit 
Intervals 


Jitter Attenuation Curve Corner Frequency 

^ (noteV) 


- 


50 


- 


Hz 


Loss of Signal Threshold 


- 


0.5 


- 


V 


Receiver Sensitivity Below DSX-1 (2.4V) 


-10 


- 


- 


dB 



Notes: 6. On the 0861 544 side of the 2:1 transformer, line is 1 0OQ. 

7. Crystal pull range: ± 200 ppm. Five unit Intervals of input jitter. 
Slope above corner frequency is -20dB/decade. See Figure 5. 

SWITCHING CHARACTERISTICS (Ta = -40°C to +85°C; V+ = 5.OV ±5%; gnd = OV; inputs: 
Logic = OV, Logic 1 = RV+) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Crystal Frequency (notes) 


fc 


- 


6.176000 




MHz 


TGLK Frequency 


fin 


- 


1.544 


- 


MHz 


AGLK Frequency (note 9) 


fout 


- 


1.544 


- 


MHz 


RGLK Pulse Width 

(note 10) 


tpwh 
^pwl 


- 


324 
324 


_ 


ns 
ns 


Duty Cycle (noteii) 




- 


50 


- 


% 


Rise Time, All Digital OutputS(note 12) 


tr 


- 


- 


100 


ns 


Fall Time, All Digital Outputs (note 12) 


tf 


- 


- 


100 


ns 


TDATA to TCLK Falling Setup Time 


tsu 


25 


- 


- 


ns 


TCLK Falling to TDATA Hold Time 


th 


25 


- 


- 


ns 


RDATA to RCLK Rising Setup Time 


tsu 


- 


274 


" 


ns 


RCLK Rising to RDATA Hold Time 


th 


- 


274 


- 


ns 


Reset Pulse Duration 




0.2 


- 


2000 


us 



Notes: 8. Crystal must meet specifications described in Applications section of this data sheet. 
9. ACLK provided by an external source or TCLK. 

10. The sum of the pulse widths must always meet the frequency specifications. 

1 1 . Duty cycle is (tpwh / (tpwh+tpwi))*100%. 

12. At maximum load of 1 .6mA and 50pF. 
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Any Digital Output 



f 

4 ► 



-2.0V 
_0.8V 



Figure 1 - Signal Rise and Fall Characteristics 



RCLK 



*pwh 



_J^^^J 



^pwl 



Figure 2 - Clock Signal Quality 



TCLK 



* >»4 ► 



tdata\/~ 



tc 



RCLK 



P< 



RDATA 



»X 



Figure 3 - Switching Characteristics 



Note that when externally looping RCLK back Into TCLK, RCLK must be Inverted. 
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THEORY OF OPERATION 



Transmitter 

The transmitter takes binary (unipolar) data from 
a Tl terminal and produces alternate bipolar 
pulses of appropriate shape. The transmit clock 
and transmit data (TCLK, TDATA) are supplied 
synchronously. Data is sampled on the falling 
edge of the input clock. 

Line lengths from to 655 feet (as measured 
from the CS61544 to the DSX-1 cross connect) 
are selectable. Pulse shaping and signal level are 
determined by "line length select" inputs and 
require no external circuitry. Pulse shaping is 
accomplished with a slew rate controlled fast 
digital to analog converter. Alternate mark inver- 
sion operation is implemented by driving the line 
in a true differential manner. In order to achieve 
the necessary line voltages, which exceed the 
5 volt supply, a two-to-one, step-up transformer 
is required. The line driver drives a 25Q 
equivalent load. 

To place the device in a low power dissipation 
mode (i.e., to disable the drive), the B8ZS and 
TDATA should be held low while TCLK 
continues to be input. When any transmit control 
pin (TAOS, LENO, LENl, LEN2, LLOOP, or 
RLOOP) is toggled, the transmitter stabilizes 
within 16 bit periods. 

B8ZS coding can be inserted into the data stream 
using the B8ZS select feature. This feature 
replaces every string of eight consecutive zeros 
with a pulse train containing bipolar violations. 
The violations can then be decoded at the receive 
end and the original data recovered. 



Transmit Line Length Selection 

Line length selection can be controlled by an 
intelligent controller or hard-wired with a switch 



which is set at the time of installation. The line 
length selection supports both a three-partition 
arrangement for ICOT and MAT cable, and a 
five-partition arrangement for ABAM and PIC 
cable as shown in Table 1. For each line length 
selected, the CS61544 modifies the output pulse 
to meet the requirements of Technical Advisory 
34 and TR-TSY-000009. A typical output pulse 
is shown in Figure 4. 

Table 1 - Line Length Selection 




LEN2 


LENl 


LENO 


LINE LENGTH SELECTED 
(FEET) 


CABLE TYPE 











0-220 


MAT 
and 
ICOT 








1 


220-440 





1 





440-655 





1 


1 


0-133 


ABAM 
and 
PIC 


1 








133-266 


1 





1 


266-399 


1 


1 





399-533 


1 


1 


1 


533-655 





NORMALIZED 
AMPLITUDE 






1.0 


]\ 


f 1 


"1 AT&T TA-34 
1 SPECIFICATION 


0.5 


■ // 




r 





1 








I '■ J/'Z^ — 




CS61544 ' 

OUTPUT 
PULSE SHAPE 


** \ /^ "^^^ 


-0.5 


1 


1 


1 1 



500 750 

TIME (nanoseconds) 



Figure 4 - Typical Pulse Shape at DSX-1 
Cross Connect 
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Transmit Jitter Attenuator 



The 61544 will tolerate and attenuate at least 
seven unit intervals of jitter (peak-to-peak) from 
a Tl signal. Figure 5 shows a family of curves 
which show the jitter attenuation achieved by the 
61544. Each curve shows the jitter attenuation 
for a signal with constant jitter amplitude over a 
range of jitter frequencies. The more jitter a 
signal has, the more the jitter is attenuated. The 
jitter attenuator on the transmitter side meets the 
jitter attenuation and input tolerance specifica- 
tions of AT&T Publication 43802, as shown in 
Figures 6 and 7. 



CS61544 
TRANSMITTER 
PERFORMANCE- 




"Too 365 TR 3R ToK 35K~ 
JITTER FREQUENCY (Hz) 



Figure 7 - Input Jitter Tolerance of 
Transmitter and Receiver 



-10 



UNIT INTERVALS 
OF INPUT JITTER 



-40 
dB 




Measurements made at 
1.544MHz with 6.176MHz 
_ ± 200ppm crystal. 



10 100 Ik 10k (Hz) 

Figure 5 - CS61544 Jitter Attenuation Curves 






JITTER 
GAIN 
(dB) 




-10 


\. 20 dB/ 
\decade 


BELL SYSTEM 
PUB 43802 
\ SPECIFICATION 

\ J 


-20 
-30 
-An 


CS61544 N. 
PERFORMANCE \ 


\ Input of five 
s^ \ unit Intervals 
\^ \ of jitter at all 
N^ \ frequencies. 



10 100 Ik 

JITTER FREQUENCY (Hz) 

Figure 6 - Jitter Attenuation Characteristics 



10k 



Jitter attenuation is accomplished by means of a 
16 bit FIFO and a variable oscillator. The 
frequency of the variable oscillator is controlled 
by logic in the CS61544 to be the same as the 
average input clock signal, TCLK. TCLK 
controlls the write pointer of the FIFO. Data 
present on TDATA is written into the memory 
location selected by the write pointer. The read 
pointer of the FIFO, and the transmit frequency 
of the device, are determined by the crystal oscil- 
lator. Internal logic tracks the relative positions 
of the FIFO's pointers, and adjusts the 
oscillator's load capacitance to maintain the 
FIFO in a half full condition (read and write 
pointers kept 8 bits apart). Slow changes in input 
signal frequency are tracked, while high frequen- 
cy variations in the TCLK signal are absorbed by 
the FIFO. 

The external reference crystal used by the jitter 
attenuator should have a nominal frequency of 
6.176 MHz, and have a pull range, in the oscil- 
lator circuit, that is sufficient to meet the fre- 
quency tolerance requirements specified for the 
system. Furthermore, the frequency tolerance 
must be met over all operating temperatures. The 
jitter attenuator can be disabled by driving 
XTALIN with a clock which is exactly four 
times the TCLK frequency. 
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Transmit All Ones Select 

The transmitter provides for all ones insertion at 
the frequency of the alternate clock input, 
ACLK. (The transmit clock can be used as the 
alternate clock by connecting pins 1 and 2 
together). Transmit all ones is selected when 
TAOS goes high, and causes continuous ones to 
be transmitted on the line (TTIP and TRING) 
using the alternate clock. The TDATA and TCLK 
inputs are ignored. If Remote Loopback is in 
effect, any TAOS request will be ignored. 



Receiver 

The receiver extracts data and clock from an 
AMI (Alternate Mark Inversion) coded signal 
and outputs clock and synchronized data. 
The receiver is sensitive to signals over the entire 
range of cable lengths and requires no equaliza- 
tion or ALBO (Automatic Line Build Out) 
circuits. The signal is received on both ends of a 
center-tapped, center-grounded transformer. The 
transformer is center tapped on the CS61544 
side. Data on RDATA is stable and may be 
sampled on the rising edge of the recovered 
clock, RCLK. The clock and data recovery 
circuit meets or exceeds the jitter tolerance 
specifications of Publication 43802. 



a fixed reference voltage in a half period of the 
reference clock. This current is then held 
constant. The FPLL is controlled, small signal, 
by the output of the phase detector and loop 
filter, which takes the form of a current. This is 
added to the fixed current to modulate the ICO 
about the center frequency and close the loop. 
This training limits the lock range of the FPLL to 
± 6% of the trained frequency (1.544 MHz), 
guaranteeing that the FPLL is immune to false 
lock. The FPLL is insensitive to variations in 
temperature and slight variations in power 
supply voltage, but fairly large changes in power 
supply voltage will change the control current in 
the FPLL, reducing its effectiveness. 

The received signal is monitored to detect 
bipolar violations. If a bipolar violation is 
detected, a positive strobe (BVS) is output with a 
width of one half the clock period. 

The receiver has the capability to decode signals 
which have been transmitted with B8ZS bipolar 
violations. This feature is enabled when B8ZS 
(pin 4) goes high. Recovered data is processed 
by B8ZS decode (if enabled) and sent to the 
output. The bipolar violation detection algorithm 
is also modified to not detect the B8ZS encoded 
violation as an error. 




The two leads of the receiver transformer have 
opposite polarity and drive the receiver inputs 
RTIP and RRING differentially. Comparators 
detect pulses on RTIP and RRING. The com- 
parator thresholds are dynamically established 
by peak detectors. 

Clock recovery is achieved through a frequency 
and phase lock loop (FPLL). Upon power up and 
reset of the CS61544, and prior to the start of 
clock acquisition, the FPLL has its center 
frequency trained. A current controlled oscillator 
(ICO) is trained relative to the crystal oscillator 
frequency reference. The current is adjusted until 
it is just sufficient to change a fixed capacitor to 



Loss of Signal 

The receiver reports loss of the received signal 
on the Loss of Signal pin, LOS. The threshold 
for loss of signal is 0.5 volts. A loss of signal will 
be indicated within 200 bit periods if an active 
signal falls below the threshold. In the event that 
the input signal drops to zero volts, the loss of 
signal will be indicated within 32 bit periods. 
When a loss of signal is detected, RDATA is not 
valid, but the receiver will continue to try to 
recover data. LOS will return to a low state when 
a valid signal returns to RTIP and RRING. 
RCLK is always output, but may drift up to 
±6% from 1.544 MHz. 
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Receive All Ones Select 

Receive all ones is selected when RAOS goes 
high. If receive all ones is selected when the 
local loopback is not in effect, continuous ones 
are sent to RDATA using the alternate clock, 
ACLK, for timing. The alternate clock, ACLK, is 
sent to RCLK. (The transmit clock, TCLK, can 
be used as the alternate clock by connecting pins 
1 and 2 together.) If it is desirable to have all 
ones automatically replace recovered data (at 
RDATA) upon loss of signal, then RAOS and 
LOS should be tied together (pins 7 and 8). 



Local Loopback 

The local loopback mode bypasses the receive 
circuit and routes the digital transmit clock and 
data to the receive clock and data pins. A local 
loopback occurs in response to LLOOP going 
high. Any RAOS request is overridden (see 
Table 2). The transmit clock and data signals, 
TCLK and TDATA are sent out on the line 
through TTIP and TRING unless transmit all 
ones, TAOS, is selected, in which case con- 
tinuous ones are transmitted on the line at the 
rate determined by ACLK. 



Table 2 - Interaction of LLOOP and RAOS 



LLOOP 

Input 

Signal 


RAOS 
Input 
Signal 


Source of 
Data for 
RDATA 


Source of 
Clock for 
RCLOCK 








RTIP & RRING 


RTIP & RRING 





1 


all 1s 


ACLK 


1 


X 


TDATA 


TCLK 



Remote Loopback 

In remote loopback, the recovered clock and data 
input on RTIP and RRING are sent through the 
elastic store to remove jitter, and back out on the 
line via TTIP and TRING. Selecting remote 



loopback overrides any TAOS request (see Table 
3). The recovered incoming signals are also sent 
to RCLK and RDATA unless receive all ones 
(RAOS) is selected, in which case continuous 
ones and an alternate clock are sent to RCLK 
and RDATA. Remote loopback occurs in 
response to RLOOP going high. Simultaneous 
selection of local and remote loopback modes is 
not valid (see Reset), 



Table 3 - Interaction of RLOOP and TAOS 



RLOOP 

Input 
Signal 


TAOS 

Input 
Signal 


Source of 

Data for 

TTIP & TRING 


Source of 

Clock for 

TTIP & TRING 








TDATA 


TCLK 





1 


all Is 


ACLK 


1 


X 


RTIP & RRING 


RTIP & RRING 



Notes: 

1 . X - Don't care. The identified All Ones Select input is 
ignored when the indicated loopback is in effect. 

2. Logic 1 indicated that Loopback or All Ones option is 
selected. 



Driver Performance Monitor 

To aid in early detection and easy isolation of 
nonfunctioning Tl links, the CS61544 is able to 
monitor transmit drive performance and report 
when the driver is no longer operational. This 
feature can be used to monitor either the device's 
performance or the performance of a neighbor- 
ing CS61544. The driver performance monitor 
indicator is normally at a low (zero) logic level, 
and goes to high level upon detecting driver 
failure. 

The driver performance monitor consists of a 
receiver that monitors the transmitted signal on 
input pins, MTIP and MRING. If no signal is 
present on MTIP and MRING for 32 clock 
cycles, the DPM pin goes high. 

Whenever more than one CS61544 reside on the 
same circuit board, the effectiveness of the driver 
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performance monitor can be maximized by 
having each CS61544 monitor performance of a 
neighboring CS61544 device, rather than having 
it monitor its own performance. 



Reset 



capacitor, and a mylar or ceramic 0.1 jiF 
capacitor. A 1.0 jiF mylar or ceramic capacitor 
should be used on the transmit power supply. 
These capacitors should be located physically 
close to the device. TV+ must not exceed RV+ 
by more than 0.3V. 



The CS61544 initiates internal reset procedures 
either upon power up or in response to a reset 
request. After initial power up, the device will 
delay for 10 ms after the oscillator starts to allow 
the power supply and the oscillator to stablize 
before initiating the training proceedure for the 
FPLL. Training the FPLL takes at most 43 ms, 
but typically requires less than half that 
ammount of time. If the power supply has not 
reached stable operating voltage within 10 ms, 
the device should be reset after the power supply 
has stablized. These conditions should also be 
adhered to if temporary loss of power supply 
occurs. 




A reset request is made by simultaneously setting 
both RLOOP and LLOOP high for a period not 
to exceed 2 ms. Reset will be completed within 
53 ms after the falling edge of the reset request 
(falling edge of RLOOP and LLOOP). 

During the reset procedure, the loss of signal 
indicator is high. Once the reset procedures are 
completed, the loss of signal indicator goes low, 
signifying that normal operation of the device 
has begun. 



Power Supply 

The device operates from a single 5 volt supply. 
Separate pins for transmit and receive supplies 
provide internal isolation. However these pins 
may be connected externally with no impact on 
device performance, provided the power supply 
pins are decoupled to their respective grounds. 
The receive power supply should be decoupled 
from ground with a 68 jiF tantalum, (or better), 
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ALTERNATE EXTERNAL CLOCK ACLK | 

TRANSMIT CLOCK TCLK {J2 

TRANSMIT DATA TDATA[3 

B8ZS ENABLE B8ZS [ 4 

CRYSTAL INPUT 2 XTALIN [ 5 

CRYSTAL INPUT1XTAL0UT [6 



RECEIVE ALL ONES SELECT RAOS 

LOSS OF SIGNAL LOS 

RECOVERED CLOCK RCLK 

RECEIVE DATA RDATA 

BIPOLAR VIOLATION STROBE BVS 

DRIVER PERFORMANCE MONITOR DPM 

TRANSMIT TIP TTIP [ 

TRANSMIT GROUND TGND 



U 
[8 
[9 



26] 

25 

24 

23 

22 

21 

20[] 

1 

18 

17]! 

16] 

15] 



28 ] TAOS 
27^ LLOOP 

RLOOP 
] LEN2 
]LEN1 
] LENO 
] RGND 
] RV+ 

RRING 
]RTIP 
] MRING 

MTIP 

TRING 

TV+ 



TRANSMIT ALL ONES SELECT 
LOCAL LOOP BACK 
REMOTE LOOP BACK 
BIT 2 OF LINE LENGTH SELECT 
BIT 1 OF LINE LENGTH SELECT 
BITO OF LINE LENGTH SELECT 
RECEIVE GROUND 
RECEIVE V+(+5VDC) 
RECEIVE RING 
RECEIVE TIP 
MONITORED RING 
MONITORED TIP 
TRANSMIT RING 
TRANSMIT V+ (+5VDC) 






/ O 


XTALIN [ 


5 4 3 2 1 28 27 2625 


XTALOUT C 


6 24 


RAOS [ 


7 23 


LOS [ 


8 22 


RCLK[ 


9 21 


RDATA [ 


10 20 


BVS C 


''"' 12 13 14 15 16 17 18''^ 



] LEN2 

] LEN1 

3 LENO 

] RGND 

] RV+ 

] RRING 

] RTIP 



DPM - 

TTIP. 

TGND- 



JJ 




Power Supplies 

TV+ - Positive Power Supply, Transmit Drivers, Pin 15. 

Positive power supply for the transmit drivers; typically +5 volts. TV+ must not exceed RV+ by 
more than 0.3V, 

TGND - Ground, Transmit Drivers, Pin 14. 

Power supply ground for the transmit drivers; typically volts. 

RV+ - Positive Power Supply, Pin 21. 

Positive power supply for the device, except transmit drivers; typically +5 volts. 

RGND- Ground, Pin 22. 

Power supply ground for the device, except transmit drivers; typically volts. 
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Oscillator 



XTALIN, XTALOUT - Crystal Inputs, Pins 5 and 6. 

A 6.176 MHz crystal should be connected across these pins. An externally generated 6.176 
MHz clock signal may be put into the XTALIN pin, disabling the jitter attenuator. This clock 
must be exactly four times the frequency at TCLK. See the applications section for more 
information on crystals. 



Control 

B8ZS - B8ZS Encoding Enable, Pin 4. 

Setting B8ZS to a logic 1 enables B8ZS encoding of the transmit data and B8ZS decoding of 
the receive data. 

RAOS - Receive All Ones Select, Pin 7. 

Setting RAOS to a logic 1 causes continuous ones to be sent to RDATA at the frequency 
determined by ACLK. 

TAOS - Transmit All Ones Select, Pin 28. 

Setting TAOS to a logic 1 causes continuous ones to be transmitted at the frequency determined 
by ACLK. 

LLOOP - Local Loopback, Pin 27. 

Setting LLOOP to a logic 1 routes the transmit clock and data to the receive clock and data 
pins, bypassing the receive circuit. Any RAOS request is ignored. TCLK and TDATA are still 
transmitted unless overridden by a TAOS request. 

RLOOP - Remote Loopback, Pin 26. 

Setting RLOOP to a logic 1 causes the recovered clock and data to be sent through the jitter 
attenuator and through the driver back to the line. The recovered signal is also sent to RCLK 
and RDATA unless overridden by a RAOS request. Any TAOS request is ignored. If the 
oscillator is being driven with a 4X clock, the remote loopback function is not possible. 

Simultaneously taking RLOOP and LLOOP high for less than 2 ms initiates a device reset. 

LENO, LENl, LEN2 - Line Length Selection, Pins 23, 24 and 25. 

Determines the shape and amplitude of the transmitted pulse to accomodate several cable types 
and lengths. See Table 1 for information on line length selection. 



Inputs 

ACLK - Alternate External Clock, Pin 1. 

This input should be tied to TCLK or some other externally generated 1.544 MHz clock. The 
frequency of ACLK determines the rate at which TAOS and RAOS are output. 
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TCLK, TDATA - Transmit Clock, Transmit Data, Pins 2 and 3. 

Inputs for clock and data to be transmitted. Signal jitter is attenuated and the signal is driven on 
to the line through TTIP and TRING. TDATA is sampled on the falling edge of TCLK. 

RTIP, RRING - Receive Tip, Receive Ring, Pins 19 and 20. 

The receive AMI signal is input to these pins. A center-tapped, center-grounded, 2:1, step-up 
transformer is required on these inputs, as shown in Figure A3. Data and clock are recovered 
and output on RDATA and RCLK. 

MTIP, MRING - Monitored Tip, Monitored Ring, Pins 17 and 18. 

These pins are normally connected to TTIP and TRING and monitor the output of a CS61544. 
If the monitors are not used, tying MTIP low and MRING high through a resistor will reduce 
power consumption slightly. 



Outputs 

RCLK, RDATA - Recovered Clock, Receive Data, Pins 9 and 10. 

Data and clock are recovered from the RTIP and RRING inputs and output at these pins. 
RDATA is valid on the rising edge of RCLK. 

TTIP, TRING - Transmit Tip, Transmit Ring, Pins 13 and 16. 

The AMI, Tl signal is driven to the line through these pins. This output is designed to drive a 
25Q load. A 2: 1 step-up transformer is required to drive the line as shown in Figure Al. 



Status 

LOS - Loss of Signal, Pin 8. 

LOS goes to a logic 1 when the received signal falls below a 0.5 volt threshold, or after 32 
clock cycles with out a detected one. LOS returns to logic when the signal returns. 

BVS - Bipolar Violation Strobe, Pin 11. 

BVS goes to a logic 1 when a bipolar violation is detected in the received signal. The strobe is 
approximatly 324 ns wide and aligned with the rising edge of RCLK. The strobe will occur 
concurrently with the RDATA output for which the violation was detected. The bipolar 
violation detection algorithm is modified when B8ZS is selected to accept B8ZS encoded data. 

DPM - Driver Performance Monitor, Pin 12. 

If no signal is present on MTIP and MRING for 32 clock cycles, DPM goes to a logic 1 until 
the first detected signal. 
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APPLICATIONS 



Selecting an Oscillator Crystal 



^VMMVWn 



H(^ 



i VARIABLE 
j LOAD 

I CAPACITOR 



-if- 



I CRYSTAL MODEL 



Figure AI - Equivalent Circuit Oscillator 

Figure Al shows an equivalent representation of 
the oscillator circuit. The variable load capacitor 
is internal to the CS61544. The value of this 
capacitor is controlled by logic internal to the 
CS61544. Based on this model, equations 1 and 
2 have been developed to help calculate the 
required crystal parameters necessary to meet 
system requirements. 

Three important parameters in this model are the 
upper and lower bounds of Cioad (the variable 
load capacitor) and the values of Co and Ci. Co 
can be used to control the series resonant 
frequency of the crystal. With respect to the 
parallel resonant frequency for a given load, the 
minimum value of Cioad sets the maximum 
parallel resonant frequency. Together, Co Ci and 
Cioad can be used^ to set the pull range of the 
oscillator and its maximum and minimum 
frequencies. 

Determining Required Pull Range 



3) The variability in load capacitance from 

IC to IC, 

4) The accuracy to which the crystal can be 

manufactured. 
All of these factors have been measured or can 
be controlled to some extent. 

For a given crystal geometry, the series resonant 
frequency of the crystal is inversely proportional 
to Co, and directly proportional to Ci. The 
relationship of the crystal's series resonant 
frequency to its parallel resonant frequency in 
the oscillator circuit determines the pull range of 
the oscillator. The further away the series 
resonant frequency is from the parallel resonant 
frequency (which is set by the load condition in 
the oscillator circuit) the greater the pull range of 
the crystal. That is: a larger Ci (smaller Co and 
greater series resonant frequency) results in less 
pull range, while the smaller the Ci (larger Co, 
and lower series resonant frequency), the larger 
the pull range. 

The series resonant frequency of the crystal is2 
calculated by Equation 1. 




fs = fN. 



Af 



2(Cl-Ch) 



(Cl+Ch+2Co) (C's in pF) (1) 



fs = series resonant frequency of crystal 
f^ = 4 * Nominal Signal Frequency 

- should be 6.176000 MHz for North America (Tl) 
Af = required pull range of crystal in Hz (Appm*fN) 
Cl = load capacitance for low frequency oscillation 

(average is ~38.0 pF) 
Ch= load capacitance for high frequency oscillation 

(average is ~10.5 pF) 



Four factors contribute to the required pull 
range of the crystal: 

1 ) The frequency range required for the 

application, 

2) The frequency drift of the crystal over the 

operating temperature range. 



The parallel resonant frequency is calculated by 
Equation 2. 



a„3d = fs(^-i^:^2ad±Co_)l/2 (2) 



Cioad + Co 
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Table Al shows the crystal frequency as a func- 
tion of load capacitance. The deviation in 
frequency from the nominal is shown in ppm. 





T1 


"^\^ Frequency 
^*>^Tolerance 

Clin Pf^\^ 


6.176000 MHz 

+130 ppm or less 


Ciowfreq 
min 34.0 


6175197 - Atd 


^highfreq 
max 11.7 


6176803 +Atd 


MAXIMUM 
ALLOWABLE 
PULL RANGE 


390 ppm 



A {^ » crystal temperature drift from -40 to +85 deg. 0. 

Table Al - Tl Crystal Frequency 

Temperature drift has been accounted for as 
shown. The accuracy to which Co can he 
controlled, and the accuracy to which a crystal 
can be trained or calibrated should be factored 
in to guarantee that the required frequency range 
will be met. 



To 

Frequency 

Counter 






/^RAOS 

TAOS 

To Ground -< RLOOP 

I LLOOP 

I LENO-2 



TDATA 
TCLK 



RV+ 
BRING 



zjzO.luF 
-I— -+5V 



XTALIN 
XTALOUT 



RTIP 

MRING 

RCLK MTIP 
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Figure A2 - Crystal Pull Range Test 

The setup shown in Figure A2 can be used to test 
crystals. When no TCLK signal is applied to the 
device, the oscillator will tend to pull to one 
extreme of its pull range. Momentarily pressing 
the push button moves the relative positions of 
the FIFO pointers and if the write pointer stops 
(when the push button opens) in the right 



relationship to the read pointer, the oscillator will 
pull to the other end of its range. It may take a 
few tries. 

General Applications 

Figure A3 shows the typical configuration for the 
CS61544, including transmit and receive trans- 
formers. The receiver transformer is center 
tapped and center grounded with 200Q. resistors 
between the center tap and each leg on the 
CS61544 side. These resistors provide the lOOQ, 
termination for the Tl line. Line Length Select 
pins are shown in a manual switching configura- 
tion. These inputs can be controlled by logic cir- 
cuitry if desired. 
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Figure A3 - Typical Configuration 
Showing Line Interface 



Decoupling 

Decoupling and filtering of the power supplies 
is crucial for proper operation of the analog 
sections in the transmit and receive paths. If dif- 
ferent power and ground busses supply the trans- 
mitter and receiver supply inputs, a 68 ijF 
capacitor should be added to the transmit supply. 
The decoupling capacitors shown in Figure A3 
should be high grade capacitors, (i.e., 68)jF - 
tantalum or better; 1.0 and 0.1 pF - mylar or 
ceramic), and should be located as close as pos- 
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sible to the power supply pins of the chip. Wire 
wrap bread-boarding of the CS61544 is not 
recommended because lead resistance and wrap 
inductance serve to defeat the function of the 
decoupling capacitors. 



Transformers 



Manufacturer 


Pan# 


Pulse Engineering 


5764 


Pulse Engineering 


FAL1.0 


Pulse Engineering 


FAL 4.1 


Schott Corp. 


67112060 


Bell Fuse 


0553-5006-IC 


Nova Magnetics 


6500-07-011 


MIdcom 


671-5832 



Note: The Pulse Eng. 1682x is still acceptable, but the 
other Pulse Engineering transformers are preferred. 

Table A2 - Suitable Transformers 



Transformers listed in Table A2 have been found 
to be suitable for use with the CS61544. Figure 
A4 shows the connections for some of the trans- 
formers mentioned in the Table A2. The trans- 
formers should be placed physically close to the 
CS61544. 




Bell Fuse 0553-5006-IC 
Schott Corp. 67112060 
Pulse Engineering 5764 & FAL 1 .0 

Figure A4 - Transmitter Transformer Configuration 



difference (<200 mV) between the driven zero 
and the non-driven zero. We recommend that this 
effect be eliminated by inserting a >0.2 uF non- 
polarized capacitor in series with the primary of 
the transformer. Contact the factory for more in- 
formation. 

Receive Side Jitter Attenuation 
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Figure A5 - Receiver Jitter Attenuation 

In some applications it is desirable to attenuate 
jitter from the received signal. A CS61600 PCM 
jitter attenuator can be used to remove at least 
seven unit intervals of jitter from the recovered 
clock and data as shown in Figure A5. 

Maintaining Recovered Clock 

Figure A5 also shows how the recovered clock, 
RCLK, can be maintained within desired 
specifications in the event that the received AMI 
signal is lost. This design requires a locally 
generated 1.544 MHz clock whose frequency is 
within the required system specifications. This 
clock is input to the ACLK input of the 
CS61544. The loss of signal output, LOS, is 
connected to the receive all ones select input, 
RAOS. 



To save on power consumption under normal 
operating conditions, the output drivers are 
powered down during the transmission of a 
space (zero) on to the line. Approximately one 
quarter cycle prior to transmitting a mark (one), 
the drivers are enabled. The transformer, inter- 
acting with the driver, can cause a slight voltage 



If the AMI signal is lost, the LOS signal goes 
high, taking RAOS high, directing the CS61544 
to output all ones at RDATA at the frequency 
determined by ACLK (i.e. RCLK = ACLK). The 
CS61600 will buffer any instantaneous phase or 
frequency change at the RCLK and RDATA 
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retaining clock integrity. This type of circuit is 
necessary since the frequency /phase lock loop in 
the CS61544 will drift about 6% when the AMI 
signal is lost. 

If the receiver input returns, LOS goes low, 
deselecting RAOS, and returning the circuit to its 
normal operating status. It is important to note 
that LOS will go low as soon as a valid 
pulse is detected, which is before the receiver 
has locked onto the incoming signal. It is 
advisable to delay the transition from RAOS to 
the receiver output for a few milliseconds after 
LOS indicates receipt of signal. 



Interfacing The CS61544 With Tl Digital 
Transceivers 

This section gives general guidance on how to 
interface the CS61544 with digital Tl framing 
and signaling transceivers such as the R8050, 
R8060, R8070, and DS2180. Design attention 
must be given to insuring that the devices are 
properly interfaced. For example, it may be 
necessary in invert clock signals to insure 
the accurate sampling of data. Connections 
required for interfacing Rockwell's R8050 and 
R8060 are shown in Figure A7. 
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Figure A7 - Interfacing CS61544 
with R8050 and R8060 
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Figure A6 - Applicable Types of Connection 



Figure A6 shows a Tl span from a customer 
premises location through a TELCO DSX-1 
cross connect. As shown in Figure A6, the 
CS61544 is applicable in customer premises 
systems that interconnect to a channel service 
unit (CSU), and is applicable in network equip- 
ment that connects to a DSX-1 cross connect. 



To interface with the R8070, connect the devices 
as shown in Figure A8. When RPOS is strapped 
to RNEG, B8ZS encoding/decoding and bipolar 
violation detection processing is deactivated in 
the R8070. These functions are performed by the 
CS61544. 
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Figure A8 - Interfacing CS61544 with R8070 
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To interface with the DS2180, connect the 
devices as shown in Figure A9. When RPOS is 
tied to RNEG, B8ZS encoding/decoding 
and bipolar violation detection functions are 
performed by the CS61544. 
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Figure A9 - Interfacing CS61544 with DS2180 



Test and Evaluation of the CS61S44 

When connecting the receive clock and data, 
RCLK and RDATA, to the transmit clock and 
data, TCLK and TDATA, of the CS 16544, be 
sure to invert the clock signal. 

Transmitter or Receiver Function Only 

If the CS61544 is used for transmit only, tie 
RTIP and RRING high through a resistor, ground 
RAOS, RLOOP, and LLOOP, and float the 
outputs. To configure the device for receive only, 
float TTIP, TRING, TV+ and TGND, ground 
TAOS, TCLK, TDATA, RLCX)P, LLOOP and 
LENO/1/2 . 
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PCM Line Interface 



Features 

• Provides Analog PCM Line Interface for 
T1 and 2.048 MHz Applications 

• Provides Line Driver, and Data and 
Clock Recovery Functions 

• Jitter Attenuation starting at 6 Hz with 
>300 Uls of tolerance in attenuator 

• Jitter Tolerance of Receiver: 0.4 Uls 
to 100 kHz 

• Microprocessor Controllable 

• Compatible with CSUs and DACSs 

• CS61534 Compatibility Mode 

• Diagnostic Features 



General Description 

The CS61574 combines the analog transmit and receive 
line interface functions for a T1/CEPT interface in a 
28 pin device. The line interface operates from a single 
5 volt supply and is transparent to the framing format. 
Crystal's SMART ANALOG^^ circuitry shapes the transmit 
pulse Internally, providing the appropriate pulse shape 
for CSUs or for connecting to PCM crossconnects 
for line lengths ranging from to 655 feet. Maximum 
range is greater than 1 500 feet. The receiver uses 
an elastic store to remove jitter from the incoming data. 

Applications 

• Interfacing Network Equipment such as DACS and 
Channel Banks to a DSX-1 Cross Connect 

• Interfacing Customer Premises Equipment to a CSU 

• Building Channel Service Units 

ORDERING INFORMATION 

CS61 574-IP - 28 Pin Plastic DIP; T1 only 
CS61574-IP1 - 28 Pin Plastic DIP; T1 & CEPT 
CS61574-IL - 28 Pin PLCC (i-leads);T1 only 
CS61574-IL1 -28PinPLCC (j-leads);T1 & CEPT 




Block Diagrarn_ 

(CLKE) (INT) (SDI) (SDO) 
MODE TAOS LENO LEN1 LEN2 

f5 1 28 123 124 T25 
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Preliminary Product Information 



This document contains data for a new product. Crystal Semiconductor 
reserves the right to modify this product without notice. 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Symbol 


MIn 


Max 


Units 


DC Supply (referenced to GND) 


RV+, TV+ 


- 


6.0 


V 


Input Voltage, Any Pin (Note 1) 


Vin 


RGND-0.3 


RV+ + 0.3 


V 


Input Current, Any Pin (Note 2) 


■in 


-10 


10 


mA 


Ambient Operating Temperature 


Ta 


-40 


85 


°C 


Storage Temperature 


Tstg 


-65 


150 


°C 



WARNING: Operations at or beyond these limits may result in permanent damage to the device. 

Normal operation is not guaranteed at these extremes. 
Notes: 1 . Excluding RTIP, RRING, which must stay within -6V to RV + 0.3V. 

2. Transient currents of up to 100 mA will not cause SCR latch-up. Also TTIP, TRING, TV+ and TGND 
can withstand a continuous current of 100 mA. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


MIn 


Typ 


Max 


Units 


DC Supply (Note 3) 


RV+, TV+ 


4.75 


5.0 


5.25 


V 


Ambient Operating Temperature 


Ta 


-40 


25 


85 


°c 


Total Power Dissipation (Note 4) 

1 00% ones density & max. line length @ 5.25V 


Pd 


- 


620 


- 


mW 



Notes: 3. TV+ must not exceed RV+ by more than 0.3V. 

4. Power dissipation while driving 25 Q load over operating temperature range. Includes CS61574 
and load. Digital input levels are within 10% of the supply rails and digital outputs are driving a 50 pF 
capacitive load. 

DIGITAL CHARACTERISTICS (Ta = - 40 mo 85 <> c. v+ = 5.ov ± 5%. gnd = ov) 



Parameter 


Symbol 


MIn 


Typ 


Max 


Units 


High-level Input Voltage (Notes 5. 6) 

PINS 1-5. 10. 23-28 


V,H 


2.0 


- 


- 


V 


Low-Level Input Voltage (Notes 5. 6) 

PINS 1-5, 10, 23-28 


V,L 


- 


- 


0.8 


V 


High-Level Output Voltage (Notes 5. 6) 

OUT =-40 UA PINS 6-8, 1 1 , 12, 23, 25 


^OH 


2.4 


- 


- 


V 


Low-Level Output Voltage (Notes 5, 6) 

l0UT= 1.6 mA PINS 6-8, 11,12,23,25 


Vol 


- 


- 


0.4 


V 


Input Leakage Current 




-10 


- 


+10 


uA 


Three-State Leakage Current 

PIN 25 (Note 5) 




-10 


- 


+10 

__ __ 


uA 


Notes: 5. Functionality of pins 23 and 25 depends on the mode. See Host/Hardware mode description. 
6. Output drivers will output CMOS logic levels into a CMOS load. 
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ANALOG SPECIFICATIONS (Ta = - 40 mo 85 ** c, v+ = s.ov ± 5%. gnd = ov) 


Parameter 


Min 


Typ 


Max 


Units 


TRANSMITTER 


AMI Output Pulse Amplitudes 

(Measured at the DSX; Normalization factor for Figure 6) 


2.4 


3.0 


3.6 


V 


Load Presented To Transmitter Output 


- 


25 


- 


Ohms 


Jitter Added by the 1 0Hz - 8kHz 
Transmitter 8kHz - 40kHz 

10Hz- 40kHz 
(Note 7) Broad Band 


*" 


0.01 
0.025 
0.025 
0.05 


- 


Ul 
Ul 
Ul 
Ul 


RECEIVER 


Sensitivity Below DSX (OdB = 2.4V) 


10 


- 


- 


dB 


Loss of Signal Threshold 


- 


0.3 


- 


V 


Data Decision Threshold 


- 


65 


- 


% of peak 


Allowable Consecutive Zeros before LOS 


160 


175 


190 




Input Jitter Tolerance 1 0kHz - 1 0OkHz 

(Note 8) 


0.4 


- 


- 


Ul 


JITTER ATTENUATOR 










Jitter Attenuation Curve Corner Frequency 

(Note 9) 


- 


6 


- 


Hz 




Notes: 7. Input signal to TOLK is jitter free. 

8. See Figure 9. 

9. Circuit attenuates jitter at 20 dB/decade above the corner frequency. See Figure 10. 
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T1 SWITCHING CHARACTERISTICS (Ta = - 40 <> to 85 <^ c. v+ = 5.0V ± 5%, gnd = ov; 

Inputs: Logic = OV, Logic 1 « RV+) 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Crystal Frequency (Noteio) 


fc 


- 


6.176000 


- 


MHz 


TCLK Frequency 


fin 


- 


1.544 


- 


MHz 


ACLKI Frequency (Note 11) 


W 


- 


1.544 


- 


MHz 


RCLK Pulse Width 

(Note 12) 


^pwh 
tpwl 


_ 


324 
324 


~ 


ns 
ns 


RCLK Duty Cycle (Note 13) 




- 


50 


- 


% 


Rise Time, All Digital Outputs (Note u) 


tr 


- 


- 


100 


ns 


Fall Time, All Digital Outputs (Note i4) 


tf 


- 


- 


100 


ns 


TPOS/TNEG to TCLK Falling Setup Time 


tsu 


25 


_ 


- 


ns 


TCLK Falling to TPOS/TNEG Hold Time 


th 


25 


- 


- 


ns 


RPOS/RNEG to RCLK Rising Setup Time 


tsu 


- 


274 


- 


ns 


RCLK Rising to RPOS/RNEG Hold Time 


th 


- 


274 


- 


ns 


CCITT SWITCHING CHARACTERISTICS (Ta = 40 mo 85 ^ c, v+ = 5.0V ± 5%. gnd = ov; 

Inputs: Logic = OV, Logic 1 = RV+) 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Crystal Frequency (Noteio) 


fc 


- 


8.192000 


- 


MHz 


TCLK Frequency 


fin 


- 


2.048 


- 


MHz 


ACLKI Frequency (Note 11) 


fout 


- 


2.048 


- 


MHz 


RCLK Pulse Width 

(Note 12) 


tpwh 
tpwl 


" 


244 
244 


~ 


ns 
ns 


RCLK Duty Cycle (Note 13) 




- 


50 


- 


% 


Rise Time, All Digital Outputs (Note u) 


tr 


- 


- 


100 


ns 


Fall Time, All Digital Outputs (Note 14) 


tf 


- 


- 


100 


ns 


TPOS/TNEG to TCLK Falling Setup Time 


tsu 


25 


- 


- 


ns 


TCLK Falling to TPOSATNEG Hold Time 


th 


25 


- 


- 


ns 


RPOS/RNEG to RCLK Rising Setup Time 


tsu 


- 


194 


- 


ns 


RCLK Rising to RPOS/RNEG Hold Time 


th 


- 


194 


- 


ns 



Notes: 10. Crystal must meet specifications described in Applications secWon of tliis data sheet. 

1 1 . ACLK provided by an external source or TCLK. 

12. The sum of the pulse widths must always meet the frequency specifications. 

13. Duty cycle is (tpwh / (tpwh + tpwi ) ) * 100%. 

14. At max load of 1 .6 mA and 50 pF. 
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SWITCHING CHARACTERISTICS - HOST MODE (Ta = 40 » to 85 ° c, v+ = 5 ov± 5%; 
Inputs: Loaic = OV, Loaic 1 = RV+) 


Parameter 


Symbol 


Min 


Typ. 


Max 


Units 


SDI to SCLK Setup Time 


tdc 


50 


- 




ns 


SCLK to SDI Hold Time 


tcdh 


50 


- 


- 


ns 


SCLK Low Time 


tcl 


250 


- 


- 


ns 


SCLK High Time 


tch 


250 


- 


- 


ns 


SCLK Rise and Fall Time 


tr .tf 


- 


- 


50 


ns 




tec 


50 


- 


- 


ns 


SCLK to CS Hold Time 


tech 


50 


- 


- 


ns 


CS Inactive Time 


tcwh 


250 


- 


- 


ns 


SCLK to SDO Valid (Note i5) 


tcdv 


- 


- 


200 


ns 


CS to SDO High Z 


tcdz 


- 


100 


- 


ns 



Note: 15. Output load capacitance = 50 pF. 
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Figure 1. - Signal Rise and Fall Characteristics 
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Figure 2. - Recovered Clock and Data Switching Characteristics 
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Figure 3. - Transmit Clock and Data Switching Characteristics 
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Figure 5. - Serial Port Read Timing Diagram 
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THEORY OF OPERATION 



Transmitter 

The transmitter takes binary (dual unipolar) data 
from a Tl terminal and produces alternate 
bipolar pulses of appropriate shape. The transmit 
clock and transmit data (TCLK, TPOS & TNEG) 
are supplied synchronously. Data is sampled on 
the falling edge of the input clock. 
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Either Tl or CCITT G.703 pulse shapes may be 
selected. For Tl application, line lengths from 
to 655 feet (as measured from the CS61574 to 
the DSX-1 cross connect) are selectable. Pulse 
shaping and signal level are determined by "line 
length select" inputs and require no external 
circuitry. Pulse shaping is accomplished with a 
slew rate controlled fast digital to analog 
converter. Alternate mark inversion operation is 
implemented by driving the line in a true 
differential manner. In order to achieve the 
necessary line voltages, which exceed the 5 volt 
supply, a two-to-one, step-up transformer is 
required. The line driver is designed to drive a 
25 Q equivalent load. 



Table 1 - Line Length Selection 

line length selection offers a five partition arran- 
gement for ABAM and PIC cable as shown in 
Table 1. For each line length selected, the 
CS61574 modifies the output pulse to meet the 
requirements of Compatibility Bulletin 119. 
When using cable other than ABAM or 
equivalent, it is recommended that the optimal 
LENO, 1, & 2 settings be determined by ex- 
perimentation using the same type of cable to be 
used in the application. A typical output pulse is 
shown in Figure 6. 



To place the device in a low power dissipation 
mode (i.e., to disable the drive), the TPOS and 
TNEG should be held low while TCLK 
continues to be input. When any transmit control 
pin (TAOS, LENO-2 or LLOOP) is toggled, the 
transmitter stabilizes within 22-bit periods. The 
transmitter will take longer to stabilize when 
RLOOP is selected because the timing circuitry 
must adjust to the new frequency. 



Transmit Line Length Selection 

The transmitter has a 13-phase delay line which 
divides each TCLK cycle into 13 phases. These 
phases are then used to trigger different portions 
of the output wave form. For Tl applications, the 
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Figure 6 - Typical Pulse Shape at DSX-1 Cross Connect 
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For coaxial cable, 
75 ohm load 
and transformer 
specified In Table A2. 


For shielded twisted pair, 
120 ohm load 
and transformer 
specified In Table A2. 


Nominal peak voltage of a mark (pulse) 


2.37 V 


3V 


Peak voltage of a space (no pulse) 


+ 0.237 V 


0+0.3V 


Nominal pulse width 


244 ns 


Ratio of the amplitudes of positive and negative 
pulses at the center of the pulse interval 


0.95 to 1.05 


Ratio of the widths of positive and negative pulses 
at the nominal half amplitude 


0.95 to 1.05 



Table 2 - CCITT G.703 Pulse Specifications 



The CCITT G.703 pulse shape is also supported. 
Transformer and resistor values depend on 
whether the coax or shielded cable is used, as 
shown in the Applications section at the back of 
this data sheet. The CCITT pulse shape meets the 
template shown in Figure 7, assuming the condi- 
tions shown in Table 2 are met. The Tl CSU 
pulse shapes meet FCC Part 68 for OdB line 
build out and future ECSA T1C1.2 pulse shapes 
as shown in Table 1 . 



Transmit All Ones Select 

The transmitter provides for all ones insertion at 
the frequency of TCLK. Transmit all ones is 
selected when TAOS goes high, and causes 
continuous ones to be transmitted on the line 
(TTIP and TRING). In this mode, the TPOS and 
TNEG inputs are ignored. If Remote Loopback 
is in effect, any TAOS request will be ignored. 
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Figure 7 - Mask of the Pulse at the 2048 kbps Interface 



Receiver 

The receiver extracts data and clock from an 
AMI (Alternate Mark Inversion) coded signal 
and outputs clock and synchronized data. The 
receiver is sensitive to signals over the entire 
range of cable lengths and requires no equaliza- 
tion or ALBO (Automatic Line Build Out) 
circuits. The signal is received on both ends of a 
center-tapped, center-grounded transformer. The 
transformer is center tapped on the CS61574 
side. The clock and data recovery circuit meets 
or exceeds the jitter tolerance specifications of 
Publications 43802, 43801, 62411, TR-TSY- 
000170, and CCITT REC. G.823. 

A block diagram of the receiver is shown in 
Figure 8. The two leads of the transformer (RTIP 
and RRJNG) have opposite polarity allowing the 
receiver to treat RTEP and RRJNG as unipolar 
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Figure 8. - Receiver Block Diagram 



signals. Comparators are used to detect pulses on 
RTIP and RRING. The comparator thresholds 
are dynamically established by peak detectors to 
be at least 65% of peak level. 

The leading edge of an incoming data pulse trig- 
gers the clock phase selector. The phase selector 
chooses one of the 13 available phases which the 
delay line produces for each bit period. The out- 
put from the phase selector feeds the clock and 
data recovery circuits which generate the 



recovered clock and sample the incoming signal 
at appropriate intervals to recover the data. 

Data sampling will continue at the periods 
selected by the phase selector until an incoming 
pulse phase deviates enough to cause a new 
phase to be selected for data sampling. The 
phases of the delay line are selected and updated 
to allow as much as 0.4 UI of jitter from 10 kHz 
to 100 kHz, without error. The jitter tolerance of 
the receiver is shown in Figure 9. Additionally, 
this method of clock and data recovery is tolerant 
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Figure 9. - Input Jitter Tolerance of Receiver 

(Clock Recovery Circuit and Jitter Attenuator) 



100k 



DS20PP3 



2-49 



CS61574 



of long strings of consecutive zeros. The data 
sampler will continuously sample data based on 
it^ last input until a new pulse arrives to updiate 
the ^lock phase selector. 

The delay line is continuously calibrated relative 
to a reference clock, which is provided by either 
ACLKI or the crystal oscillator if ACLKI is 
grounded. In operation, the delay loop is con- 
tinuously calibrated by the reference clock to 
ensure timing accuracy during operation, even if 
temperature or power supply voltage fluctuate. 
The delay line produces 13 phases for each cycle 
of the reference clock. In effect, the 13 phases 
are analogous to a 20 MHz clock when the 
reference clock is 1.544 MHz. This implementa- 
tion utilizes the benefits of a 20 MHz clock for 
clock recovery without actually having the clock 
present to impede analog circuit performance. 

In the hardware mode, data at RPOS and RNEG 
is stable and may be sampled on the rising edge 
of the recovered clock. In the host mode, CLKE 
determines the clock polarity for which output 
data is stable and valid as shown in Table 3. 



signal amplitude degrades below a 0.3Vpeak 
threshold. LOS returns to logic zero when the 
received signal returns to 12.5% ones density 
(based on 4 ones out of 32 bit periods). Received 
data is output on RPOS/RNEG regardless of 
LOS status. 

The receiver reports loss of signal by setting the 
Loss of Signal pin, LOS, high. If the serial inter- 
face is used, the LOS b it wi ll be set and an 
interrupt will be iss ued on INT. LOS will go low 
(and flag the INT pin again if the serial I/O is 
used) when a valid signal is detected. Note that 
in the host mode, LOS is simultaneously avail- 
able from both the register and pin 12. Table 4 
shows the status of RCLK upon LOS. 



Crystal 
present? 


ACLKI 

present? 


LOS 


Source of RCLK 


No 


Yes 


Yes 


ACLKI 


Yes 


No 


Yes 


Centered Crystal 


Yes 


Yes 


Yes 


ACLKI via the 
Jitter Attenuator 



MODE 
(pin 5) 


CLKE 
(pin 28) 


DATA 


CLOCK 


Clock Edge for 
Valid Data 


LOW 
HIGH 

HIGH 


X 

LOW 

HIGH 


RPOS 
RNEG 

RPOS 
RNEG 
SDO 

RPOS 
RNEG 
SDO 


RCLK 
RCLK 

RCLK 
RCLK 
SCLK 

RCLK 
RCLK 
SCLK 


Rising 
Rising 

Rising 
Rising 
Falling 

Falling 
Falling 
Rising 



X« Don't care 

Table 3 - Data Output / Clock Relationship 

Loss of Signal 

The CS61574 will indicate loss of signal upon 
receiving 175 consecutive zeros. A digital 
counter counts received zeros, based on RCLK 
cycles. The zero input level is determined either 
when zeros are received, or when the received 



Table 4. - RCLK Status at LOS 



Note that if a crystal is used, the jitter attenuator 
will buffer any instantaneous changes in phase or 
frequency between the last recovered clock and 
the reference clock (which is provided by either 
the crystal or ACLKI). This means that RCLK 
will smoothly transition to the new frequency. 



Wander and Jitter Attenuator 

The jitter attenuator is designed to reduce 
wander and jitter in the recovered clock signal. It 
consists of a 32 bit FIFO, a crystal oscillator, a 
set of capacitors and control logic. The jitter at- 
tenuator meets or exceeds the jitter attenuation 
requirements of Publications 43802, 62411, and 
REC. G.742. A typical jitter attenuation curve is 
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shown in Figure 10. The jitter attenuator can be 
disabled and its FIFO bypassed by grounding 
XTALOUT, pin 10, and tying XTALIN, pin 9, to 
the supply through a resistor. 




10 100 Ik 10k 

Frequency in Hz 
Figure 10. - Typical Jitter Attenuation Curve 

The jitter attenuator works in the following man- 
ner. The recovered clock and data are input to the 
FIFO with the recovered clock controlling the 
FIFO's write pointer. The crystal oscillator 
controls the FIFO's read pointer which reads 
data out of the FIFO and presents it at RPOS and 
RNEG. The update rate of the read pointer is 
analogous to RCLK. By changing the load 
capacitance that the CS61574 presents to the 
crystal, the oscillation frequency is adjusted to 
the average frequency of the recovered signal. 
Logic determines the phase relationship between 
the read and write pointers and decides how to 
adjust the load capacitance of the crystal. Thus 
the jitter attenuator behaves as a first-order phase 
lock loop. Signal jitter is absorbed in the FIFO. 

The FIFO in the jitter attenuator is designed to 
neither overflow nor underflow. If the jitter 
amplitude becomes very large, the read and write 
pointers may get very close together. Should 
they attempt to cross, either an earlier or a later 
clock phase will be selected from oscillator and 
used to drive the read pointer thereby preventing 
the pointers from crossing (i.e. the oscillator's 
divide by four circuit adjusts by performing a 



divide by 3 1/2 or divide by 4 1/2 to prevent the 
overflow or underflow). During this activity, 
RCLK will effectively be locked, to the 
recovered clock, but data will never be lost. The 
jitter attenuator is designed so it will tolerate at 
least 28 unit intervals before the overflow or un- 
derflow mechanism takes effect. 



Local Loopback 

The local loopback mode takes clock and data 
presented on TCLK, TPOS, and TNEG, sends it 
through the jitter attenuator and outputs it at 
RCLK, RPOS and RNEG. If the jitter attenuator 
is disabled, it is bypassed. Inputs to the transmit- 
ter are still transmitted on the line, unless TAOS 
has been selected in which case, AMI-coded con- 
tinuous ones are transmitted to the line at the rate 
determined by TCLK. Receiver inputs are 
ignored when local loopback is in effect. Local 
loopback is selected by taking LLOOP, pin 27, 
high or LLOOP may be commanded via the 
serial interface. 



Remote Loopback 

In remote loopback, the recovered clock and data 
input on RTIP and RRING are sent through the 
jitter attenuator to remove jitter, and back out on 
the line via TTIP and TRING. Selecting remote 
loopback overrides any TAOS request (see Table 
5). The recovered incoming signals are also sent 




RLCOP 
Input 
Signal 


TAOS 
Input 
Signal 


Source of 

Data for 

TTIP & TRING 


Source of 

Clock for 

TTIP & TRING 








TDATA 


TCLK 





1 


alMs 


TCLK 


1 


X 


RTIP & RRING 


RTIP & RRING(RCLK) 



Notes: 

1 . X = Don't care. The identified All Ones Select input is ignored 
when the indicated loopback is in effect. 

2. Logic 1 indicates that Loopback or All Ones option is selected. 

Table 5. - Interaction of RLOOP and TAOS 
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to RCLK, RPOS and RNEG. A remote loopback 
occurs in response to RLOOP going high. Simul- 
taneous selection of local and remote Icxjpback 
modes is not valid (see Reset). 



reference clock for the receiver is provided by 
ACLKI, or the crystal oscillator is used if 
ACLKI is grounded. The reference clock for the 
transmitter is provided by TCLK. The initial 
calibration should take less than 20 ms. 



Driver Perfommnce Monitor 

To aid in early detection and easy isolation of 
nonfunctioning links, the CS61574 is able to 
monitor transmit drive performance and report 
when the driver is no longer operational. This 
feature can be used to monitor either the 
device's performance or the performance of a 
neighboring driver. The driver performance 
monitor indicator is normally at a low (zero) 
logic level, and goes to high level upon detecting 
driver failure. 

The driver performance monitor consists of a 
receiver that monitors the transmitted signal on 
input pins, MTIP and MRING. If no signal is 
present on MTIP and MRING for 63 clock 
cycles, the DPM pin goes high. 

Whenever more than one CS61574 reside on the 
same circuit board, the effectiveness of the driver 
performance monitor can be maximized by 
having each CS61574 monitor performance of a 
neighboring CS61574 device, rather than having 
it monitor its own performance. Note that in the 
host mode, DPM is available from both the 
register and pin 11. 



Power On Reset I Reset 

Upon power-up, the CS61574 is held in a static 
state until the supply crosses a threshold of 
approximately three volts. When this threshold is 
crossed, the device will delay for about 10 ms to 
allow the power supply to reach operating volt- 
age. After this delay, calibration of the delay 
lines used in the transmit and receive sections 
commences. The delay lines can only be 
calibrated if a reference clock is present. The 



In operation, the delay lines are continuously 
calibrated, making the performance of the device 
independent of power supply or temperature 
variations. The continuous calibration function 
forgoes any requirement to reset a CS61574 
when in operation. However, a reset function is 
available in both the Hardware and Host modes. 

In the Hardware mode, a reset request is made by 
simultaneously setting both RLOOP and LLOOP 
high for at least 200 ns. Reset wiU initiate on the 
falling edge of the reset request (falling edge of 
RLOOP and LLOOP). In the Host Mode, a reset 
is initiated by simultaneously writing RLOOP 
and LLOOP to the register. In either mode, a 
reset will set all registers to and force the 
oscillator to its center frequency before initiating 
calibration. 



Mode of Operation 



PIN# 


MODE 1 


HARDWARE 


HOST 


PIN 23 
PIN 24 
PIN 25 
PIN 26 
PIN 27 
PIN 28 


LENO 

LEN1 

LEN2 

RLCX)P 

LLOOP 

TAOS 


INT 

SDI 

SDO 

55 

SCLK 

CLKE 



Table 6. - Pin Definitions 

The CS61574 can be operated in two modes, the 
hardware mode and the host mode. In the 
hardware mode, discrete pins are used to inter- 
face the device's control functions and status 
information. In the host mode, the CS61574 is 
connected to a host processor and a serial data 
bus is used for input and output of control and 
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cs 



SCLK 

SDI/ 
SDO 



-^^)&(Z)(ixixiyz)(j)&(^^ 



V 



• ADDRESS/COMMAND 



>/V 



DATA INPUT/OUTPUT- 



NOTE: SDI sampled on rising edge of SCLK; SDO updated on falling edge of SCLK (CLKE = 1 ). 
Figure 11. - Input / Output Timing 



Status information. There are six dual function 
pins whose functionality is determined by the 
mode pin, MODE. Table 6 shows the pin defini- 
tions. 



Serial Interface 

In the host mode, pins 23 through 28 serve as a 
microprocessor/microcontroller interface. One 
on-board register can be written to the SDI pin or 
read from the SDO pin at the clock rate deter- 
mined by SCLK. Through this register, a host 
controller can be used to control operational 
characteristics and monitor device status. The 
serial port read/write timing is independent of 
the system transmit and receive timing. 

Data transfers are initiated by taking the chip 
select input, CS, low (CS must initially be high). 
Address and input data bits are clocked in on the 
rising edge of SCLK. The clock edge on which 
output data is stable and valid is determined by 
CLKE as shown in Table 3. Data transfers are 
terminated by setting CS high. CS may go high 
no sooner than 50 ns after the falling edge of the 
SCLK cycle corresponding to the last write bit. 
For a serial data read, CS may go high any time 
to terminate the output. 

Figure 11 shows the timing relationships for data 
transfers when CLKE = 1. When CLKE = 0, data 
output from the serial port, SDO, is valid on the 
falling edge of SCLK. Data bit D7 is held until 
the rising edge of the 17th clock cycle for 
CLKE = 1; data is held until the falling edge of 
the 17th clock cycle for CLKE = 0. 



An address/command byte, shown in Table 7, 
precedes a data register. The first bit of the 
address/command byte determines whether a 
read or a write is requested. The next six bits 
contain the address. The CS61574 responds to 
address 16 (0010000). The last bit is ignored. 



LSB, first bit 





R/W 


Read/Write Select; = write. 1 


= read 




1 


ADDO 


LSB of address. Must be 






2 


ADD1 


Must be 






3 


ADD2 


Must be 






4 


ADD3 


Must be 






5 


ADD4 


Must be 1 






6 


. 


Reserved - Must be 




I^SB. last bit 


7 


X 


Don't Care 





Table 7. - Address/Command Byte 

The data register, shown in Table 8, can be 
written to the serial port. Data is input on the 
eight clock cycles immediately following the ad- 
dress/command byte. Bits an d 1 a re used to 
clear an interrupt issued from the INT pin, which 
occurs in response to a loss of signal or a 
problem with the output driver. 



LSB: first bit 





cIrLOS 


Clear Loss Of Signal 


in 


1 


cIrDPM 


Clear Driver Performance Monitor 




2 


LENO 


Bit 0- Line Length Select 




3 


LEN1 


Bit 1 - Line Length Select 




4 


LEN2 


Bit 2 -Line Length Select 




5 


RLOOP 


Remote Loopback 




6 


LLOOP 


Local Loopback 


MSB: last 


7 


TAOS 


Transmit All Ones Select 


bit in 









NOTE: Setting bits 5,6 & 7 to 101 or 1 1 1 puts the CS61574 into 
a factory test mode. 



Table 8. - Input Data Register 
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LSB: first bit 
in 



LOS 
DPM 
LEND 
LEN1 
LEN2 



Loss Of Signal 
Driver Performance Monitor 
Bit - Line Lengtii Select 
Bit 1 - Line Length Select 
Bit 2 - Line Length Select 



Table 9. - Output Data Bits - 4 

Output data from the serial interface is presented 
as shown in Tables 9 and 10. Bits 2, 3 and 4 can 
be read to verify line length selection. Bits 5, 6 
and 7 must be decoded. Codes 101, 110 and 111 
(Bits 5, 6 and 7) indicate intermitent losses of 
signal and/or driver problems. 

SDO goes to a high impedance state when not in 
use. SDO and SDI may be tied together in ap- 
plications where the host processor has a 
bidirectional I/O port. 



Bits 




5 6 7 


status 





Reset has oocurred 
or no program input. 


1 


TAOS in effect. 


1 


LLOOP In effect. 


1 1 


TAOS/LLOOP in effect. 


1 


RLOOP In effect. 


1 1 


DPM changed state since last 
"clear DPM" occurred. 


1 1 


LOS has changed state since last 
"clear LOS" occurred. 


1 1 1 


LOS & DPM have changed state since 
last -dear LOS" and "dear DPM". 



Table 10. Coding for Serial Output bits 5,6,7 



Power Supply 

The device operates from a single 5 volt supply. 
Separate pins for transmit and receive supplies 
provide internal isolation. However these pins 
may be connected externally with no impact on 
device performance, provided the power supply 
pins are decoupled to their respective grounds. If 
the same power bus is used, the receive power 
supply should be decoupled from ground with a 
68 pF tantalum capacitor and a mylar or ceramic 
0.1 mF capacitor. A 1.0 ^iF mylar or ceramic 
capacitor should be used on the transmit power 
supply. These capacitors should be located 
physically close to the device. If seperate power 
busses are used for TV+/TGND and 
RV+/RGND, an additional 68 mF capacitor 
should be used on the transmit supply. TV+ must 
not exceed RV+ by more than 0.3V. 
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ALTERNATE EXTERNAL CLOCK 

TRANSMIT CLOCK 

TRANSMIT POSITIVE PULSE 

TRANSMIT NEGATIVE PULSE 

MODE SELECTION 

RECEIVED NEGATIVE PULSE 

RECEIVED POSITIVE PULSE 

RECOVERED CLOCK 

CRYSTAL CONNECTION 

CRYSTAL CONNECTION 

DRIVER PERFORMANCE MONITOR 

LOSS OF SIGNAL 

TRANSMIT TIP 

TRANSMIT GROUND 



ACLKI 
TCLK 
IPOS C 
TNEG [ 
MODE [ 
RNEG 
RPOS 
RCLK 
XTALIN 
XTALOUT 
DPM [ 
LOS 
TTIP 
TGND 



[2 
3 

4 

5 
[6 
[7 
[8 

Q9 
10 
11 
dl2 
[13 
[14 



27 

26h 

25] 

24|3 

23 

22 

21 

20 h 

19p 

18 

17 

16 

15h 



TAOS/CLKE 
P LLOOP/SCLK 

RLOOP/CS 

LEN2/SD0 

LEN1/SDI 
] LENO/INT 
] RGND 

RV+ 

RRING 

RTIP 

MRING 

MTIP 

TRING 

TV+ 



TRANSMIT ALL ONES SELECT 
LOCAL LOOP BACK 
REMOTE LOOP BACK 
BIT 2 OF LINE LENGTH SELECT 
BIT 1 OF LINE LENGTH SELECT 
BIT OF LINE LENGTH SELECT 
RECEIVE GROUND 
RECEIVE V+(+5VDC) 
RECEIVE RING 
RECEIVE TIP 
MONITORED RING 
MONITORED TIP 
TRANSMIT RING 
TRANSMIT V+(+5VDC) 




ACLKI 
TCLK 
TPOS 
TNEG 






/ o'^'"''"' 


MODE [ 


5 4 3 2 1 28 27 2625 ] 


RNEG [ 


6 24] 


RPOS C 


7 23] 


RCLK [ 


8 22] 


XTALIN C 


9 21 ] 


XTALOUT [ 


10 20] 


DPM [ 


"'"' 12 13 14 15 16 17 18 "'^ ^ 

L_I 1_J l_J l_l L-J"l— 1 LJ ' 



LOS 

TTIP 

TGND 



^ 




TAOS/CLKE 

LLOOP/SCLK 

RLOOP/CS 

LEN2/SD0 

LEN1/SDI 

LENO/INT 

RGND 

RV+ 

RRING 

RTIP 

MRING 
MTIP 
TRING 
TV+ 



Power Supplies 

TV+ - Positive Power Supply, Transmit Drivers, Pin 15. 

Positive power supply for the transmit drivers; typically +5 volts. TV+ must not exceed RV+ by 
more than 0.3V. 

TGND - Ground, Transmit Drivers, Pin 14. 

Power supply ground for the transmit drivers; typically volts. 

RV+ - Positive Power Supply, Pin 21. 

Positive power supply for the device, except transmit drivers; typically +5 volts. 

RGND - Ground, Pin 22. 

Power supply ground for the device, except transmit drivers; typically volts. 
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Oscillator 



XTALIN, XTALOUT - Crystal Connections, Pins 9 and 10. 

A 6.176 MHz (8.192 MHz for CCITT applications) crystal should be connected across these 
pins. The jitter attenuator may be disabled by tying XTALIN, Pin 9 to the power supply through 
a resistor, and grounding XTALOUT, Pin 10. Overdriving the oscillator with an external clock 
is not supported. 

Control 

MODE - Mode Select, Pin 5. 

Setting MODE to logic 1 puts the CS61574 in the host mode. In the host mode, a serial control 
port is used to control the CS61574 and determine its status. Setting MODE to logic puts the 
CS61574 in the hardware mode, where configuration and status are controlled by discrete pins. 
MODE defines the status of pins 23 through 28. 

Hardware Mode 

TAOS - Transmit All Ones Select, Pin 28. 

Setting TAOS to a logic 1 causes continuous ones to be transmitted at the frequency determined 
by TCLK.In the host mode, simultaneous selection of RLOOP & TAOS enables a factory test 
mode. 

LLOOP - Local Loopback, Pin 27. 

Setting LLOOP to a logic 1 routes the transmit clock and data through the jitter attenuator to the 
receive clock and data pins. TCLK and TPOS/TNEG are still transmitted unless overridden by a 
TAOS request. Inputs on RTBP and RRING are ignored. 

RLOOP - Remote Loopback, Pin 26. 

Setting RLOOP to a logic 1 causes the recovered clock and data to be sent through the jitter at- 
tenuator (if active) and through the driver back to the line. The recovered signal is also sent to 
RCLK and RPOS/RNEG. Any TAOS request is ignored in the hardware mode. In the host 
mode, simultaneous selection of RLOOP & TAOS enables a factory test mode. 

Simultaneously taking RLOOP and LLOOP high for at least 200 ns initiates a device reset. 

LENO, LENl, LEN2 - Line Length Selection, Pins 23, 24 and 25. 

Determines the shape and amplitude of the transmitted pulse to accommodate several cable 
types and lengths. See Table 1 for information on line length selection. 

Host Mode 



INT - Receive Alarm Interrupt, Pin 23. 

Goes low when LOS o rDP M change state to flag the host processor. INT is cleared by reading 
the serial data output. INT is an open drain output and should be tied to the positive supply 
through a resistor. 
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SDI - Serial Data Input, Pin 24. 

Data for the on-chip registers and is sampled on the rising edge of SCLK. 

SDO - Serial Data Output, Pin 25. 

Status and control information from the on-chip registers. If CLKE is high SDO is valid on the 
rising edge of SCLK. If CLKE is low SDO is valid on the falling edge of SCLK. This pin goes 
to a high-impedance state when the serial port is being written to or CS is high. 

CLKE - Clock Edge, Pin 28. 

Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the falling edge of RCLK, and 
SDO to be valid on the rising edge of SCLK. Conversely, setting CLKE to logic causes RPOS 
and RNEG to be valid on the rising edge of RCLK, and SDO to be valid on the falling edge of 
SCLK. 

SCLK - Serial Clock, Pin 27. 

Clock used to read or write the serial port registers. 

CS- Chip Select, Pin 26. 

Pin must transition from high to low to read or write the serial ports. 

Inputs 

ACLKI - Alternate External Clock Input, Pin 1. 

Either a 1.544 MHz (or 2.048 MHz for CCITT) clock must be input to ACLKI, or this pin must 
be tied to ground. If ACLKI is grounded, an appropriate crystal must be attached to XTLOUT 
and XTLIN, pins 9 and 10. If ACLKI is driven by a clock, this clock is used to calibrate the 
delay lines. ACLKI is driven to the RCLK output upon loss of signal. If the jitter attenuator is 
active, ACLKI is input to the jitter attenuator upon loss of signal. 

TCLK, TPOS, TNEG - Transmit Clock, Transmit Positive Data, Transmit Negative Data - Pins 2, 
3 and 4. 

Inputs for clock and data to be transmitted. The signal is driven on to the line through TTEP and 
TRING. TPOS and TNEG are sampled on the falling edge of TCLK. A TPOS input causes a 
positive pulse to be transmitted, while a TNEG input causes a negative pulse to be transmitted. 

RTIP, RRING - Receive Tip, Receive Ring, Pins 19 and 20. 

The AMI receive signal is input to these pins. A center-tapped, center-grounded, 2:1, step-up 
transformer is required on these inputs, as shown in Figure Al in the Applications section. Data 
and clock are recovered and output on RPOS/RNEG and RCLK. 

MTIP, MREVG - Monitored Tip, Monitored Ring, Pins 17 and 18. 

These pins are normally connected to TTEP and TRING and monitor the output of a CS61574. 
If the monitors are not used, tying MTIP low and MRING high through a resistor will reduce 
power consumption slightiy. If the INT pin in the host mode is used, and the monitor is not 
used, input a clock signal to one of the monitor pins and tie the other monitor pin to ap- 
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proximately the clock's mid-voltage level. This clock frequency can range from 100 kHz to the 
TCLK frequency. 

Status 

LOS - Loss of Signal, Pin 12. 

LOS goes to a logic 1 when 175 consecutive zeros have been detected. LOS returns to logic 
when a 12.5% ones density signal returns (determined by receipt of 4 ones within 32 bit 
periods). When in the loss of signal state, received ones are still output at RPOS/RNEG. 

DPM - Driver Performance Monitor, Pin 11. 

If no signal is present on MTIP and MRING for 63 clock cycles, DPM goes to a logic 1 until 
the first detected signal. 

Outputs 

RCLK, RPOS, RNEG - Recovered Clock, Receive Positive Data, Receive Negative Data - Pins 8, 
7 and 6. 

Data and clock are recovered from the RTIP and RRING inputs and are output at these pins. A 
signal on RPOS corresponds to a positive pulse received on RTIP and RRING, while a signal on 
RNEG corresponds to the receipt of a negative pulse. RPOS and RNEG are NRZ. In the 
hardware mode, RPOS and RNEG are stable and valid on the rising edge of RCLK. Li the host 
mode, CLKE determines the clock edge for which RPOS and RNEG are stable and valid. See 
Table 3. 

TTIP, TRING - Transmit Tip, Transmit Ring, Pins 13 and 16. 

The AMI signal is driven to the line through these pins. This output is designed to drive a 25 Q 
load. A 2:1 step-up transformer is required as shown in Figure Al. When driving 75 fit coax 
cable, two 2.2 £l resistors should be added as shown in Figure A2. The transmitter will drive 
twisted-shielded pair cable, terminated with 120 Q, without additional components. 



2-58 DS20PP3.1 



CS61574 



APPLICATIONS 
Line Interface 

CS61574 

Z RPOS RGND 

[; RCLK RV+ 

_crf: XTALIN RRINQ 

6.176 MHZ O^^^^^^^ RTIP 

C DPM MRING 

H LOS MTIP 

-C TTIP TRING 

JTGND TV+ 



oVr 



^ov 0.1 uF 




Figure Al. - Typical Configuration Showing 
Line Interface 

Figure Al shows the typical configuration for in- 
terfacing the CS61574 to a Tl line through trans- 
mit and receive transformers. The receiver trans- 
former is center tapped and center grounded with 
200 Q, resistors between the center tap and each 
leg on the CS61574 side. These resistors provide 
the 100 Q termination for the Tl line. When ter- 
minating twisted-shielded pair cable, 240 Q 
resistors will provide the required 120 Q load. 



8.192 MHz 



^ 



CS61574 
RPOS RGND 

RCLK RV+ 

XTALIN RRING 
XTALOUT RTIP 
DPM MRING 

LOS MTIP 

TRING 
TV+ 



-CTTIP 
^TGND 
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non-poiarized 

3rTo48MHz 
]l TRANSMIT 



Figure A2. 



Configuration for Transmitting 
onto 75 Q Coax 



Figure A2 shov/s the configuration needed for 
transmitting data at 2.048 MHz onto a 75 D coax 
cable. The 2.2 Q resistors serve two functions. 
First, they provide the appropriate 25 Q load to 
TTIP and TRING. Second, the resistors attenuate 
the signal slightly to meet the CCITT pulse 



amplitude requirements. Note that these 22 Q. 
resistors should not be used when interfacing to 
CCITT 120 Q cable. For the receiver, the ter- 
minating resistors should be 150 Q to provide 
the necessary 75 Q tennination to the line. 

Decoupling 

Decoupling and filtering of the power supplies is 
crucial for proper operation of the analog 
sections in the transmit and receive paths. If dif- 
ferent power and ground buses supply the trans- 
mitter and receiver supply inputs, a 68 pF 
capacitor should be added to the transmit supply. 
The decoupling capacitors shown in Figures Al 
and A2 should be high grade capacitors, (i.e., 
68 mF - tantalum or better; 1.0 and OA\xF - mylar 
or ceramic), and should be located as close as 
possible to the power supply pins of the chip. 
Wire wrap bread-boarding of the CS61574 is not 
recommended because lead resistance and wrap 
inductance serve to defeat the function of the 
decoupling capacitors. 

Selecting an Oscillator Crystal 




_ _ ^ , , ... VARIABLE 

\^ ^1 "^ 



CRYSTAL MODEL 



<] 



Figure A3. - Equivalent Circuit of Oscillator 

Figure A3 shows an equivalent representation of 
the oscillator circuit. The variable load capacitor 
is internal to the CS61574. The value of this 
capacitor is controlled by logic internal to the 
CS61574. Based on this model, equations 1 and 
2 have been developed to help calculate the re- 
quired crystal parameters necessary to meet sys- 
tem requirements. 

Two important parameters in this model are the 
upper and lower bounds of Cioad (the variable 
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load capacitor) and the value of Co- Co can be 
used to control the series resonant frequency of 
the crystal. The minimum value of Cioad sets the 
maximum parallel resonant frequency. Together, 
Co and Cioad can be used to set the pull range of 
the oscillator and its maximum and minimum 
frequencies. 

Determining Required Pull Range 



f s = series resonant frequency of crystal 
ft^ = 4 * Nominal Signal Frequency 

- should be 6.176000 MHz for North America (Tl) 

- should be 8.192000MHz for Europe (CCITT) 
Af = required pull range of crystal in Hz (Appm*fN) 
Cl = load capacitance for low frequency oscillation 

(average is -38.0 pF) 
Ch= load capacitance for high frequency oscillation 
(average is ~ 10.5 pF) 



Four factors contribute to the required pull 
range of the crystal: 

1) The frequency range required for the 

application, 

2) The frequency drift of the crystal over 

the operating temperature range, 

3) The variability in load capacitance from 

IC to IC, 

4) The accuracy to which the crystal can be 

manufactured. 
All of these factors have been measured or can 
be controlled. 

For a given crystal geometry, the series resonant 
frequency of the crystal is inversely proportional 
to Co. The relationship of the crystal's series 
resonant frequency to its parallel resonant fre- 
quency in the oscillator circuit determines the 
pull range of the oscillator. The further away the 
series resonant frequency is from the parallel 
resonant frequency (which is set by the load con- 
dition in the oscillator circuit) the greater the pull 
range of the crystal. That is: a smaller Co (greater 
series resonant frequency) results in less pull 
range, while the larger the Co (lower series 
resonant frequency), the greater the pull range. 

The series resonant frequency of the crystal is 

calculated by Equation 1. 

fs = fN - Af (Cl+Ch+2Co) (C's in pF) (1) 

2(CL-CH) 
The parallel resonant frequency is calculated by 
Equation 2. 

A/2 



Table Al shows the crystal frequency as a func- 
tion of load capacitance. The deviation in fre- 
quency from the nominal is shown in ppm. 
Temperature drift has been accounted for as 
shown. The accuracy to which Co can be con- 
trolled, and the accuracy to which a crystal can 
be trained or calibrated should be factored in to 
guarantee that the required frequency range will 
be met. 





T1 


CEPT 


\.. Frequency 
^v^olerance 

CLinpf^\^ 


6.176000 MHz 
+130 ppm or less 


8.192000 MHz 
+50 ppm or less 


Ciowfreq 
min 34.0 


6175197 - Atd 


8191590 - Atd 


Chighfreq 
max 11.7 


6176803 +Atd 


8192410 + Atd 


MAXIMUM 
ALLOWABLE 
PULL RANGE 


390 ppm 


230 ppm 



Atd * crystal temperature drift from -40 to +85 deg. 0. 

Table Al. - Tl and CEPT Requirement 



= fs ( Cl + Cioad + Co ) 
Cioad + Co 



(2) 
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Transformers 



Manufacturer 


Pan# 


Pulse Engineering 


5764 


Pulse Engineering 


FAL1.0 


Pulse Engineering 


FAL 4.1 


Schott Corp. 


67112060 


Bell Fuse 


0553-5006-IC 


Nova Magnetics 


6500-07-011 


Midcom 


671-5832 



Note: The Pulse Eng. 1682x is still acceptable, but the 
other Pulse Engineering transformers are preferred. 



To save on power consumption under normal 
operating conditions, the output drivers are 
powered down during the transmission of a 
space (zero) on to the line. Approximately one 
quarter cycle prior to transmitting a mark (one), 
the drivers are enabled. The transformer interact- 
ing with the driver can cause a slight voltage dif- 
ference (<2(X) mV) between the driven zero and 
the non-driven zero. We reconmiend that this ef- 
fect be eliminated by inserting a >0.2 uF non- 
polarized capacitor in series with the primary of 
the transformer. Contact the factory for more in- 
formation. 




Table A2. - Suitable Transformers 



Transmit Side Jitter Attenuation 



Transformers listed in Table A2 have been found 
to be suitable for use with the CS61574. Figure 
A4 shows the connections for some of the 
recommended transformers for the transnutter. 
Key transmit transformer specifications are: 

Turns ratio: 1:2 (or 1:1:1) ±5%, 
Primaiy inductance: 600 pH nun measured at 
lOkHz and 0.005 VRMS. 
Leakage inductance: 1.3 pH max with secondary 

shorted. 
Interwinding capacitance: 23 pF max, primary 
to secondary. 
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TCLK-« • 



TNEG 



CS61600 
(master) 

DIN °°"T 

CLKIN CLKOUT 
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Figure A5. - Transmit Clock and Data Jitter 
Attenuation 
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Bell Fuse 0553-5006-IC 
Schott Corp. 67112060 
Pulse Engineering 5764 & FAL 1 .0 

Figure A4.- Some Recommended Transmitter 
Transformer Configurations 



In some applications it is desirable to attenuate 
jitter from the signal to be transmitted. A 
CS61600 PCM jitter attenuator can be used to 
remove at least seven unit intervals of jitter from 
the transmit clock and data as shown in Figure 
A5. 
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Interfacing The CS61574 With Tl Digital 
Transceivers 

This section gives general guidance on how to 
interface the CS61574 with digital Tl framing 
and signaling transceivers such as the R8070, 
and DS2180. Design attention must be given to 
insure that the devices are properly interfaced. 
To interface with the R8070, connect the devices 
as shown in Figure A6. The CS61574 is shown 
in the hardware mode. 



CS61534 Compatibility 

See the Application Note ''CS61534 Design 
Guidelines to Insure Compatibility with 
CS61574\ 



TCLK 
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RNEG 
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RCLK 
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Figure A6. - Interfacing the CS61574 with and R8070 

To interface with the DS2180, connect the 
devices as shown in Figure A7. In this case, the 
CS61574 and DS2180 are in host mode control- 
led by a microprocessor serial interface. If the 
CS61574 is used in hardware mode, then the 
CS61574 RCLK output must be inverted before 
being input to the DS2180. 
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Figure A7. - Interfacing the CS61574 with a DS2180 
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Features 

• Provides Analog PCM Line Interface 
for T1 and 2.048 MHz Applications 

• Compliments Digital Gatearray 
Clock-Recovery Circuits 

• Programmable Pulse-Shaping Line 
Driver 

• Provides Receiver AM l-to-TTL Buffer 

• Low Power Consumption 

• Upwards compatible from CS61534 

• Dnver Performance Monitor 

• Minimal External Components 



General Description 



The CS6152 combines the analog transmit and receive 
line interface functions for a PCM system interface in 
one device. The PCM line interface operates from a 
5 Volt supply, is transparent to the PCM framing format, 
and can work with ABAM and other cable types. 
Crystal's SMART ANALOG^" circuitry shapes the transmit 
pulse internally, providing the appropriate pulse shape at 
the DSX-1 cross-connect for line lengths ranging from 
to 655 feet in T1 applicatbns. The device provides the 
ideal front-end to digital gatearray based clock recovery 
circuits. 

Applications 

• Interfacing Network Equipment such as Multiplexers, 
Channel Banks and Switching Systems 

to a DSX-1 Cross Connect. 

• Interfacing Customer Premises Equipment such as 
PABXs, T1 Multiplexers, Data PBXs and LAN Gateways 
to a Channel Service Unit or T1 modem. 

ORDERING INFORMATION 

CS6152-IP - 24 Pin Plastic, 300 mil DIP 
CS61 52-IL - 28 Pin J-lead PLCC 
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Product Preview 



This document contains data for a new product. Crystal Semiconductor 
reserves the right to modify or discontinue this product without notice. 
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Features 

• Provides Analog PCM Line Interface for 
T1 and 2.048 MHz Applications 

• CS61 534/CS61 574 Compatibility Mode 

• Fully monolithic PLL (internal loop filter) 

• Provides Line Driver, and Data and 
Clock Recovery Functions 

• Internal generation of transmitted pulse 
width and pulse shape 

• Minimum external components 
(no external crystal required) 



General Description 

The CS6158 combines the analog transmit and receive 
line interface functions for a 11 interface in a 22 pin or 
28 pin device. The line interface operates from a single 
5 Volt supply and is transparent to the framing format. 
Crystal's SMART ANALOC?^ circuitry shapes the transmit 
pulse internally, providing the appropriate pulse shape 
for line lengths ranging from to 655 feet from a DSX-1 
cross-connect. An upwards migration path is provided 
from the 28-pin CS61 58 to the higher function CS61 534 
andCS61574. 

Applications 

• Interfacing Network Equipment to a DSX-1 Cross 
Connect 

• Interfacing Customer Premises Equipment to a CSU 

• Building Channel Service Units 

ORDERING INFORMATION 

CS61 58-IP - 28 Pin Plastic DIP 
CS6158-IP2 - 22 Pin Plastic DIP 
CS6158-IL -28PinPLCC 
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This document contains data for a new product. Crystal Semiconductor 
reserves the right to modify this product without notice. 
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JITTER ATTENUATORS 



INTRODUCTION 

Crystal offers two jitter attenuator circuits. The CS61600 PCM jitter attenuator uses a 16-bit FIFO and 
a variable oscillator to provide up to 40 dB of jitter reduction in a 1.544 to 2.048 MHz data stream. 
Also offered is the CS80600, a general purpose high speed (4.5 to 8.5 MHz) jitter attenuator. This part 
may be used in conjunction with the TMS380 device family to double the number of stations connected 
to an IEEE 802.5 token ring local area network. The CS80600 slows the accumulation of data- 
dependent jitter, allowing more stations and repeaters to be inserted on the ring without overflowing the 
elastic buffer of the active system monitor. The input to the CS80600 is clock and data which have 
been recovered by the TMS38051/52. Jitter is removed by the CS80600 using an 8-Manchester symbol 
FIFO and a variable oscillator. The dejittered clock and data are then input to the TMS38020. 

USER'S GUIDE 



Device: 


CS61600 


CS80600 


Data Rates 

Size of FIFO 
Package 


1.544 MHz or 
2.048 MHz 

16 
14 pin DIP 


4.5-8.5 MHz 

8 
14 pin DIP 



CONTENTS 



CS61600 Tl (1.544 MHz) & CCITT (2.048 MHz) Jitter Attenuator 
CS80600 4.5 MHz to 8.5 MHz Jitter Attenuator 
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Features 

• Unique Clock-Tracking Circuitry 
Filters 50 Hz or Higher Frequency 
Jitter for T1 Applications and 40 Hz 
for CERT 

• Minimal External Components Required 

• 14 Pin DIP 

• Single 5 Volt Supply 

• 3 Micron CMOS for High Reliability 
and Low Power Dissipation: 

50 mW Typical at 25^C 



General Description 

TheCS61600 from Crystal Semiconductor accepts 
T1 (1.544 Mb/s) or CCITT standard (2.048 Mb/s) 
data and clock inputs, and tolerates at least 7 ( and 
up to 14) unit Intervals, peak-to-peak, of jitter. 
Before outputting data and clock, jitter is attenuated 
using an internal clock-tracking variable oscillator and 
a 16 bit FIFO elastic store. 

The jitter attenuation function can be determined by 
appropriate specification of the extemal crystal. 

The CS61600 is transparent to data fonnat, and is 
intended for application in easier systems, switching 
systems. Local Area Network gateways and multiplexers. 
ORDERING INFORMATION 
CS61600-IP - 14 Pin Plastic DIP; T1 only 
CS61600-IP1 - 14 Pin Plastic DIP; T1 & CCITT 
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ABSOLUTE MAXIMUM RATINGS 








Parameter 


Symbol 


Min 


Max 


Units 


DC Supply 


V+ - GND 


- 0.3 


7.0 


V 


Input Voltage 


Vin 


GND - 0.3 


V+ + 0.3 


V 


Input Current, Any Pin (Note 1) 


lin 


- 


10 


mA 


Ambient Operating Temperature 


Ta 


-40 


85 


"C 


Storage Temperature 


"""stg 


-65 


150 


°C 



Note: 1 . Transient currents of up to 100 mA will not cause SCR latch-up. 

WARNING: Operation at or beyond these limits may result In permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 



RECOMMENDED OPERATING CONDITIONS 



DIGITAL CHARACTERISTICS (Ta = -40^c to 85^C; v+ = 5V ± io%; gnd ^ ov) 



Notes: 2. Outputs will drive CMOS logic levels into a CMOS load. 

3. lout= -40^lA 

4. lout= 1.6 mA 

Specifications subject to change without notice. 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Supply 


V+ -GND 


4.5 


5.0 


5.5 


V 


Ambient Operating Temperature 


Ta 


-40 


25 


85 


°C 



Parameter 


Symbol 


l\/lin 


Typ 


lUlax 


Units 


High-Level Input Voltage 


V,H 


2.0 


- 


- 


V 


Low-Level Input Voltage 


V,L 


- 


- 


0.8 


V 


High-Level Output Voltage (Note 2 & 3) 


VoH 


2.4 


- 


- 


V 


Low-Level Output Voltage (Note 2 & 4) 


Vol 


- 


- 


0.4 


V 


Input Leakage Current 


'in 


- 


- 


±10.0 


uA 



3-4 



DS9F1 



CS61600 



ANALOG CHARACTERISTICS (Ta = -40°c to 85°C; v+ = 5V± 10%, gnd = ov) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Power Dissipation 


Pd 


- 


50 


85 


mW 


Input Jitter Tolerance 




7 


- 


14* 


Unit 
Intervals 



Depends on accuracy of crystal with respect to CLKIN frequency. See Applications section. 



SWITCHING CHARACTERISTICS (Ta = 40-0 to 85X; v+ 


= 5V±10%;( 


3ND = OV) 




Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Crystal Frequency T1 

COM 1 (Notes) 


fc 


- 


6.176000 


- 


MHz 


. 


8.192000 


- 


CLKIN Frequency T1 

ecu 1 (Notes) 


fin 


- 


1.544 


- 


MHz 


- 


2.048 


- 


CLKOUT Frequency T1 

CCITT (Note 6) 


fout 


- 


1.544 


- 


MHz 


- 


2.048 


- 


T1 
Clock Pulse Width 

CCITT 

(Note 7) 


tpwh 
tpwl 


: 


324 
324 


» 


ns 


tpwh 
tpwl 


~ 


244 
244 


- 


ns 


Acceptable CLKIN range (Note s) 




- 


±130 


- 


ppm 


Duty Cycle (Note 9) 




- 


50 


- 


% 


Rise Time, All Digital Outputs (Note io) 


tr 


- 


36 


100 


ns 


Fall Time, All Digital Outputs (Note io) 


tf 


- 


17 


100 


ns 


DIN to CLKIN Falling Setup Time 


tsu 


30 


- 




ns 


CLKIN Falling to DIN Hold Time 


th 


50 


- 


- 


ns 


CLKOUT Falling To DOUT 
Propagation Delay 


tphi 


- 


- 


200 


ns 




Note: 5. Crystal should have sufficient pull range when in the oscillator circuit, to meet the system's frequency 
tolerance requirement over the operating temperature range. See Applications section for more 
information on crystals. 

6. Although CLKIN and CLKOUT will vary in instantaneous frequency (jitter) overtime, CLKOUT 
will have the same average frequency as CLKIN. 

7. The sum of the pulse widths must always meet the frequency specifications. 

8. Crystal must have at least ± 130ppm pull range over operating temperature range. 

9. Duty cycle is (tpwH / (tpwH + tpwL)) x 100%. 
10. AtCL = 50pF. 
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Figure 1. Signal Rise and Fall Characteristics 
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Figure 2. Clock Signal Quality 



CLKIN 



DIN 



"\ 



'su 



CLKOUT 



4 • 




DOUT 



^phl 



Figure 3. Switching Characteristics 
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CS61600 PERFORMANCE 
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Figure 4. Input Jitter Tolerance 
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Figure 5. Jitter Attenuation Characteristic 
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CIRCUIT DESCRIPTION 

Jitter Attenuation 

The CS61600 will tolerate and attenuate at least 
seven unit intervals of jitter from clock and data 
signals of 1.544 MHz and 2.048 MHz. An 
external clock divide circuit can be added for 
jitter attenuation for lower frequency signals. 
Jitter attenuation is accomplished by means of a 
FIFO and a variable oscillator. The frequency of 
the oscillator is controlled by logic in the 
CS61600 to be the same as the average of the 
input clock signal, CLKIN. Signal jitter is ab- 
sorbed in the FIFO. 

The FIFO's write pointer is controlled by the 
CLKIN signal. Data present on DIN is written 
into the memory location selected by the write 
pointer. The CLKOUT signal corresponds to the 
FIFO's read pointer and is controlled by the 
crystal oscillator. Internal logic determines the 
relationship of the read pointer and the write 
pointer, and adjusts the speed of the oscillator. 
For example, if the CLKIN signal is at a higher 
frequency than the CLKOUT signal, the write 
pointer will start to catch up with the read 
pointer. When this situation is detected, the 
capacitive loading the device presents to the 
crystal is reduced, resulting in an increase in 
oscillator frequency and read pointer (CLKOUT) 
frequency. The oscillator frequency is peri- 
odically updated and adjusted to maintain the 
FIFO at half full. High frequency variations in 
the phase of the CLKIN signal (jitter) are ab- 
sorbed in the FIFO. 

There are some advantages to this method of 
jitter attenuation. The device can tolerate large 
amplitude jitter at high frequencies. The device 
can track slow changes of the input clock fre- 
quency (wander) and tolerate input frequencies 
ranging over a specified frequency tolerance. 

A by product of this method of jitter attenuation 
is that the greater the input jitter, the greater the 



jitter attenuation, and the lower the frequency at 
which the device starts to attenuate jitter. 
Conversely, low amplitude jitter receives little 
attenuation. This performance characteristic is 
shown graphically in Figure 6. 



UNIT INTERVALS 
OF INPUT JITTER 




10 100 Ik 10k (Hz) 

Figure 6. Jitter Attenuation Characteristics 

CCm JiUer Attenuation 

The CS61600 can be used in CCITT applica- 
tions. If rigid crystal specifications are met, the 
attenuation performance of the CS61600 will 
meet the requirements of REC. G. 742 as shown 
in Figure 7. The crystal, when placed in the 
oscillator circuit in parallel with a 25 pF, 2%, 
NPO capacitor, must have a frequency pull range 
of at least ± 50 ppm, and at most ± 66 ppm. The 
crystal must also be insensitive to changes in 
temperature to ensure that the system frequency 
tolerances are always met over the system's 
operating temperature range. 
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CS61600 jitter attenuation witf 
8.192 MHz ± 58 ppm crystal 
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Figure 7. - CCITT Jitter Attenuation Characteristics 
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Crystal Semiconductor is presently working with 
crystal manufacturers to establish a crystal that 
will meet these requirements. Contact the 
factory or your local sales representative for 
more information. 

Using the CS61600 in a Slave Configuration 

It is possible to use an externally generated clock 
signal to clock data out of the CS61600. When 
an external clock is used, a crystal is not 
necessary. The external clock is input to the 
Alternate Read Clock input, ARC (pin 12). Hold- 
ing the Alternate Read Enable pin, ARE (pin 6), 
high directs the CS61600 to clock data out of the 
FIFO at the rate determined by ARC. Unless the 
clock signal on ARC is at exactly the same 
average frequency as the clock signal on 
CLKIN, the CS61600 will be prone to underflow 
or overflow, and data will be lost. See the 
Applications section of this data sheet for more 
information on the use of an alternate clock. 

Oscillator and Crystal 

The CS61600 requires an external 6.176000 
MHz (8.192000 MHz for CCITT) crystal be con- 
nected to pins XTALOUT (pin 5) and XTALIN 
(pin 4). The oscillator circuit divides the crystal 
frequency by four, and switches various 
capacitive loads to provide a clock that swings in 
five steps from at least 1.544MHz - 130 ppm to 
at least 1.544 MHz + 130 ppm (2.048 MHz - 50 
ppm to 2.048 MHz + 50 ppm for CCITT). The 
crystal oscillator must be able to reach these sig- 
nal frequency tolerances over the system's 
operating temperature range. The oscillator 
adjusts to and holds the average frequency of the 
signal input to CLKIN. 

Some applications specify a narrower frequency 
tolerance. In these cases, it is possible to improve 
jitter attenuation performance by specifying a 
crystal with less pull range. A narrow pull range 
crystal has the effect of shifting the curves 
shown in Figure 6 to the left. Care must be taken 



to ensure that the crystal/oscillator will reach the 
signal's frequency extremes over the operating 
temperature range of the system. More informa- 
tion on specifying and testing crystals is 
provided in the Applications section at the back 
of this data sheet. 

FIFO Overflow/Underflow 

Because the oscillator clock, which is used to 
empty the FIFO, has a wider frequency range 
than the standard Tl input signal, the FIFO 
should never underflow or overflow. However, if 
underflow or overflow occurs, the buffer 
overflo w/under flow flag, OVR (pin 3), goes 
high. A RESET (pin 1) resets the overflow flag. 
If an overflow occurs, the 16 bits of data in the 
FIFO are lost An underflow condition causes the 
next 16 bits read from the FIFO to be invalid. In 
either case, the CS61600 will immediately 
attempt to relock on to the clock signal. Holding 
RESET low disables the overflow flag, OVR. 

FIFO Reset 




Taking the FIFORST pin low causes most of the 
subcircuits of the CS61600 to go into a reset 
state. These circuits will remain in a reset 
condition until FIFORST is returned to a logic 1 
state. This function will set the FIFO write and 
read pointers to the first and eighth locations 
respectively. The oscillator will continue to run 
and CLKOUT will be held low. 

Power-Up Reset 

Upon power up, the CS61600 goes through an 
initialization procedure which requires 
approximately 3 ms. During this initialization 
procedure, OVR is held high. After initialization 
is complete, OVR goes low. When the clock 
signal is input to CLKIN, the CS61600 will 
immediately try to lock onto the clock signal on 
CLKIN. At this point, the FIFO may overflow, 
and the RESET pin should be toggled to clear 
the overflow/underflow flag, OVR. 
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PIN DESCRIPTIONS 



RESET 

FIFO RESET 

BUFFER OVERFLOW/UNDERFLOW 

CRYSTAL OUTPUT 

CRYSTAL INPUT 

ALTERNATE READ ENABLE 

GROUND 



RESET [ 

FIFORST 

OVR 

XTALOUT 

XTALIN 

ARE 

GND 



[1*^ 


■^14] 


[2 


13] 


[3 


12] 


[4 


11] 


[5 


10] 


[6 


9] 


[7 


8] 



V+ POWER SUPPLY 

DIN MANCHESTER DATA INPUT 

ARC ALTERNATE READ CLOCK 

OSCOUT OSCILLATOR OUTPUT 

CLKOUT OUTPUT CLOCK 

DOUT DATA OUTPUT 

CLKIN INPUT CLOCK 



Power Supplies 

V+ - Positive Power Supply, PIN 14. 

Typically +5 V volts. 

GND . Ground, PIN 7. 

Ground reference. 



Oscillator 

XTALIN, XTALOUT - Crystal Input 1, 2; PINS 5, 4. 

6.176 MHz or 8.192 MHz crystal inputs. A 200 kohm resistor should be connected across these 
pins. There is no need for external capacitors. The crystal should be connected to XTALIN and 
XTALOUT with minimal length traces on the pc board. 



Control 



RESET - Re set, PIN 1. 

When RESET is taken low, the OVR signal is reset. 



FIFORST ■ F IFO Reset , PIN 2. 

Taking FIFORST low resets the read and write pointers of the FIFO. Resetting the pointers will 
cause some data loss. When FIFORST is low, the OSCOUT output is disabled. 

ARE - Alternate Read Enable, PIN 6. 

For normal operation, ARE is held at logic 0. In this configuration the oscillator controls the 
read pointer of the FIFO. When ARE is at logic 1, the read pointer of the FIFO will be 
controlled by the clock signal on pin 12, ARC. 



Inputs 

CLKIN - Clock Input, PIN 8. 

Clock for the data input. This clock contains the jitter to be removed. 
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DIN - Data Input, PIN 13. 

Input data is sampled on the falling edge of CLKIN. 

ARC - Alternate Read Clock, PIN 12. 

When ARE, Pin 6, is at logic 1, a clock signal on ARC will control the FIFO's read pointer. 
CLKOUT, pin 10, will be at the same frequency and phase as ARC. Setting ARE to logic 
results in the device using its oscillator to generate CLKOUT. 



Outputs 

OVR - Buffer Overflow/Underflow, PIN 3. 

Goes high if the FIFO overflows or underflows, and is cleared by RESET. 

DOUT - Data Output, PIN 9. 

Output data with jitter attenuated. DOUT is stable and valid on the rising edge of CLKOUT. 

CLKOUT - Output Clock, PIN 10. 

Jitter reduced clock output corresponding to the data on DOUT. 

OSCOUT - Oscillator Output, Pin 11. 

Output of on-chip oscillator, divided by four. This pin should be left floating for normal 
operation. 
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FARE [6 
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Figure Al. Typical Application Circuit 



-♦JITTER FREE CLOCK 
-♦JITTER FREE DATA 
-JITTERED CLOCK INPUT 



APPLICATIONS 




Figure A2. Equivalent Circuit of Oscillator 



Selecting an Oscillator Crystal 

Figure A2 shows an equivalent representation of 
the oscillator circuit The variable load capacitor 
is internal to the CS61600. The value of this 
capacitor is controlled by logic internal to the 
CS61600. Based on this model, Equations 1 and 
2 have been developed to help calculate the re- 
quired crystal parameters necessary to meet sys- 
tem requirements. 

Two important parameters in this model are the 
upper and lower bounds of Cioad (the variable 
load capacitor) and the value of Co. Co can be 
used to control the series resonant frequency of 
the crystal. The minimum value of Cioad sets the 
maximum parallel resonant frequency. Together, 
Co and Cioad can be used to set the pull range of 



the oscillator and its maximum and minimum 
frequencies. 

Determining Required Pull Range 

Four factors contribute to the required pull 
range of the crystal: 

1) The frequency range required for the 
application. 



2) 
3) 
4) 



The frequency drift of the crystal over 
the operating temperature range. 

The variability in load capacitance from 
ICtoIC, 



The accuracy to which the crystal can be 

manufactured. 
All of these factors have been measured or can 
be controlled. 

For a given crystal geometry, the series resonant 
frequency of the crystal is inversely proportional 
to Co. The relationship of the crystal's series 
resonant frequency to its parallel resonant fre- 
quency in the oscillator circuit determines the 
pull range of the oscillator. The further away the 
series resonant frequency is from the parallel 
resonant frequency (which is set by the load con- 
dition in the oscillator circuit) the greater the pull 
range of the crystal. That is: a smaller Co (greater 
series resonant frequency) results in less pull 
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range, while the larger the Co (lower series 
resonant frequency), the larger the pull range. 

The series resonant frequency of the crystal is 
calculated by Equation 1. 



fs = fN - 



Af 



(Cl + Ch + 2Co) 



2(Cl-Ch) 

Equation 1. 

fS = series resonant frequency of crystal 
fN = 4 X Nominal Signal Frequency 

- should be 6. 176000 MHz for North America (Tl) 

- should be 8.192000 MHz for Europe (CEPT) 
Af = required pull range of crystal in Hz (A ppm x fK) 
Cl = load capacitance for low frequency oscillation 

(average is --38.0 pF) 
Ch = load capacitance for high frequency oscillation 
(average is --ll.OpF) 

The parallel resonant frequency is calculated by 
Equation 2. 

fload = fS ( Ci + Cload + Co ) 1/2 
Cload + Co 

Equation 2. 

Table Al shows the crystal frequency as a func- 
tion of load capacitance. The deviation in 
frequency from the nominal is shown in ppm. 
Temperature drift has been accounted for as 





T1 


CEPT 


\^^^ Frequency 
^V^olerance 

Clin pf^\^ 


6.176000 MHz 

+130 ppm or less 


8.192000 MHz 

±50 ppm or less 


Clowfreq 
min 34.0 


6175197 - Atd 


8191590 - Atd 


Chighfreq 
max 11.7 


6176803 +Atd 


8192410 + Atd 


MAXIMUM 
ALLOWABLE 
PULL RANGE 


390 ppm 


230 ppm 



Atd = crystal temperature drift from -40 to +85 deg. C. 

Table Al. Tl and CEPT Requirements 



shown. The accuracy to which Co can be con- 
trolled, and the accuracy to which a crystal can 
he trained or calibrated should be factored in to 
guarantee that the required frequency range will 
be met. 

The 8.192 MHz crystal specified in Table Al 
meets CCITT data rates and frequency tolerance 
requirements and will attenuate jitter. However, 
this crystal will not meet CCITT Rec. G. 742 
jitter attenuation specifications. 



CRYSTAL 





♦CLKOUT 



Figure A3. Crystal Pull Range Test 



The setup shown in Figure A3 can be used to test 
crystals. When no CLKIN signal is applied to the 
device, the oscillator will tend to pull to one 
extreme of its pull range. Momentarily pressing 
the push button moves the relative positions of 
the FIFO pointers and if the write pointer stops 
(when the push button opens) in the right 
relationship to the read pointer, the oscillator will 
pull to the other end of its range. It may take a 
few tries. 

General Applications 

The CS61600 will tolerate and attenuate at least 
seven unit intervals of jitter over the specified 
range of input clock and oscillator frequencies. If 
the oscillator crystal is chosen so that the center 
frequency of its pull range is close to the input 
frequency, CLKIN, the CS61600 will tolerate 
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more jitter; up to 14 unit intervals will be 
tolerated under optimal conditions. 

Consider the case where the average clock 
frequency at CXKIN approaches the slow end of 
the range, L544 MHz - 130 ppm. In this case, 
the oscillator will be near the bottom of its 
pull range, restricting its ability to achieve 
frequencies well below the CLKIN frequency. 
The result is that the read pointer of the FIFO 
will begin to catch up to the write pointer. If 
enough jitter is introduced, the read pointer will 
overtake the write pointer resulting in an error 
(i.e. the device wiU try to read out data before it 
is written in). A similar situation occurs when the 
CLKIN signal approaches the fast end of its 
range, 1.544 MHz + 130 ppm. 

Taking care in selecting the proper crystal can 
result in improved jitter tolerance without 
degrading the performance of the CS61600. If 
the center frequency of the oscillator is 
precisely four times the CLKIN frequency, and 
the crystal has at least the specified pull range, 
the CS61600 will tolerate 14 unit intervals of 
jitter. In this case, the read and write pointers of 



the FIFO will maintain optimal separation 
when the signal is jitter free, allowing the device 
to tolerate maximum jitter input. 

Master/Slave Configuration 

Some Tl applications require separate repre- 
sentations of the positive and negative going pul- 
ses for an AMI signal. Two CS61600s can be 
used to remove jitter from a set of signals con- 
sisting of POS, NEG and CLK. Figure A4 shows 
the master/slave configuration. 

This configuration requires one crystal (on the 
master). The CLKOUT signal from the master 
controls the FIFO read pointer of the slave 
CS61600. Setting ARE, pin 6, of the slave to 
logic 1 directs the device to use the clock input 
to ARC, pin 12, to control the FIFO read pointer. 
For this configuration to function properly, the 
positions of the FIFO the read and write pointers 
in both devi ces must correspond. The FIFO 
pointer reset, FIFORST, of both devices must be 
tied together. After the power supplies have 
stabilized, and the clock has been input at 
CLKIN, FIFORST should be momentarily 
pulled low to reset the pointers of both devices. 
The overflow flags should then be reset by 
momentarily pulling RESET, pin 1, low. 



FIFO 
POINTER V+ 
RESET 



CLKIN- > s^ 



10k 
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OVR 
RESET 



V+ 
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5 10 
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DINi 
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10k 
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CLKIN 
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V+ 



-DIN 2 
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slaves 
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DOUT2 



Figure A4. Master / Slave configuration 
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Additional slaves may be added. The ARC input 
may be derived from either the CLKOUT pin on 
the master, or the CLKOUT pin on a preceding 
slave. When using the master's CLKOUT pin, 
the fan out must be considered. Attaching several 
inputs to the CLKOUT pin increases the load 
that the output must drive. The added 
capacitance will reduce the switching speed of 
the output driver. Similarly, a configuration 
which uses the CLKOUT signal of each 
CS61600 to drive the subsequent CS61600 wiU 
induce some propagation delay. These potential 
timing problems should be considered when cas- 
cading CS61600S. 



CS61600 



Jitter Attenuation at Different Clock Rates 

The CS61600 can be used to attenuate jitter at 
frequencies below 2.048 MHz. For signal fre- 



v+ 



RESET^-^ 
FIFORSli/^ 



i:10k: 



ilOk 



+5V 



4.5 M Hz to 8.2 MHz 
V+ 
lOk^ 



200k ^ 



ARE 



CS61600 
7 8 
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13 I*— DINi 
12 
11 
10 
9 



ARC 



DIVIDER 



OSCOUT ■ 

.►CLKOUT 

.-DOUTi 

-• CLKIN 




LOCALLY 
GENERATED 
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CLOCK 
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RECOVERED 
CLOCK 
1.544 MHz 



MULTIPLEXER 
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CLOCK 

DETECTOR 



CLKIN CLKOUT 
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Figure A5. Maintaining Clock Integrity 



Maintaining Clock 

Many applications require that the clock signal 
from CLKOUT be maintained within some 
specified range of frequencies when the clock 
signal on CLKIN (often generated from a 
recovered Tl signal clock) goes away. Figure A5 
shows one method for maintaining the CLKOUT 
signal. The reference clock is a locally generated 
clock whose frequency lies within the tolerance 
of the applicable specifications which govern the 
system's design. When the CLKIN signal goes 
away, the multiplexor should switch in the 
reference clock. Since this clock goes through 
the jitter attenuator, phase and frequency 
integrity at CLKOUT is maintained. 



Figure A6. Low Clock Frequency Jitter Attenuation 



quencies above about 900 kHz, selection of the 
appropriate crystal will suffice. For jitter attenua- 
tion of lower frequency signals, an external 
divider is required. Figure A6 shows how the 
CS61600 can be configured for low frequency 
jitter attenuation. 

Frequency tolerance of the input signal is still 
based on the pull range of the crystal in ppm. For 
example, a 64 kbps jitter attenuator which uses 
an external divide by 32, and a 8.192 MHz 
crystal with ± 200 ppm pull range will have 
± 200 ppm tolerance at 64 kbps or ± 12.8 Hz. 
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High Speed Jitter Attenuator 



Features 

• Accepts Input Clock with Frequency 
of 4.5 MHz to 8.5 MHz 

• Unique Clock-Tracking Circuitry 

• Tolerates and Attenuates At Least 
3 Unit Intervals of Jitter 

• Minimal External Components Required 

• 14 Pin DIP 

• Single 5 Volt Supply 

• 3 Micron CMOS For High Reliability And 
Low Power Dissipation: 50 mW Typical 
At25°C 



General Description 

The CS80600 from Crystal Semiconductor 
accepts 4.5 to 8.5 MHz clock and data 
inputs, and removes up to plus or minus 
three data bits of jitter before outputting the 
data and clock. Jitter is removed using an 
internal clock tracking circuit and an 
8-bit FIFO elastic store. 

Applications 

Token Ring: The CS80600 can be used to 
eliminate the accumulation of data-pattern 
dependent jitter which is the primary factor 
limiting the size of token rings. 
The CS80600 is intended for application 
in station adaptor cards, in active 
wiring concentrators and in repeaters. 
PCM : TIC, T2 & CEPT2 and second order 
multiplexors. 

ORDERING INFORMATION 

CS80600-P- 14 Pin Plastic DIP 




Block Diagram 



FIFORST OVR RESET 
? 
2 




OSCOUT 
^'DOUT 
CLKOUT 
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XTALIN XTALGUT 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Min 


Max 


Units 


DC Supply 


V+ -GND 


- 


7.0 


V 


Input Voltage 


Vin 


GND - 0.3 


V+ +0.3 


V 


Input Current, Any Pin (Note 1) 


lin 


- 


100 


mA 


Ambient Operating Temperature 


Ta 


-40 


85 


*C 


Storage Temperature 


Tstg 


-65 


125 


•c 



Note: 1 . Device can tolerate transients of up to 1 00mA without latching up. 

WARNING: Operation beyond these limits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 



RECOMMENDED OPERATING CONDITIONS 








Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Supply 


V+ 


4.5 


5.0 


5.5 


V 


Ambient Operating Temperature 


Ta 


-40 


25 


85 


•c 


Power Dissipation 


Pd 


20 


50 


85 


mW 


Input Jitter Tolerance 


- 


3 


- 


7 


Unit 
Intervals 



DIGITAL CHARACTERISTICS (Ta = o°c to 70°C; v+ = sv ± 10%; gnd = ov) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


High-Level Input Voltage 


V,H 


2.0 


- 


- 


V 


Low-Level Input Voltage 


V,L 


- 


- 


0.8 


V 


High-Level Output Voltage (Note 2 & 3) 


VoH 


2.4 


- 


- 


V 


Low-Level Output Voltage (Note 2 & 4) 


Vol 


- 


- 


0.4 


V 


Input Leakage Current 


'in 


- 


- 


+ 10.0 


uA 



Notes: 2. Outputs will drive CMOS logic levels into a CMOS load. 

3. lout= -40|xA 

4. lout= 1.6 mA 



Specifications subject to change without notice. 
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SWITCHING CHARACTERISTICS (Ta = o°c to 7o°C; v+ = 5V± 10%; gnd = ov) 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Crystal Frequencv (Notes) 


fc 


4.500 


- 


8.500 


MHz 


CLKIN Freauencv (Notes) 


fin 


- 


fc 


- 


MHz 


CLKOUT Frequencv (Note s) 


•out 


- 


fc 


- 


MHz 


Clock Pulse Width 

(Note 7) 


tpwl 
tpwl 


_ 


1/(2fe) 
1/(2fc) 


- 


ns 
ns 


Duty Cycle (Note s) 


- 


- 


50 


- 


% 


Rise Time, All Digital Outputs (Note 9) 


tr 


- 


36 


- 


ns 


Fall Time, All Digital Outputs (Note 9) 


tf 


- 


17 


- 


ns 


DIN to CLKIN Falling Setup Time 


tsu 


30 


- 


- 


ns 


CLKIN Falling to DIN Hold Time 


th 


50 


- 


- 


ns 


CLKOUT Rising To DOUT 
Propagation Delay 


tphi 


- 


- 


60 


ns 


RESET Pulse Width 


- 


100 


- 


- 


ns 


FIFORST Pulse Width 


- 


100 


- 


- 


ns 




Note: 5. Crystal must meet specifications described in Applications Section of this data sheet. 

6. Although CLKIN and CLKOUT will vary in instantaneous frequency (jitter), overtime CLKOUT 
will have the same average frequency as CLKIN. 

7. The sum of the pulse widths must always meet the frequency specifications. 

8. Duty cycle is (tpwH / (tpwH + tpwL)) x 100%. 

9. At maximum load of 1.6mA and 50pF. 
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Figure 1. Signal Rise and Fall Characteristics 
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Figure 2. Clock Signal Quality 
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Figure 3. Switching Characteristics 
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CIRCUIT DESCRIPTION 

Jitter Attenuation 

The CS80600 will tolerate and attenuate at least 
three unit intervals of jitter from a 4.5MHz to 
8.5MHz data and clock signal. An external clock 
divide circuit can be added for jitter attenuation 
for lower frequency signals. Jitter attenuation is 
accomplished by means of a FIFO and a variable 
oscillator. The frequency of the oscillator is con- 
trolled by logic in the CS80600 to be the same as 
the average of the input clock signal, CLKIN. 
Signal jitter is absorbed in the FIFO. 

The FIFO's write pointer is controlled by the 
CLKIN signal. Data present on DIN is written 
into the memory location selected by the write 
pointer. The CLKOUT signal corresponds to the 
FIFO's read pointer and is controlled by the 
crystal oscillator. Internal logic determines the 
relationship of the read pointer and the write 
pointer, and adjusts the speed of the oscillator. 
For example, if the CLKIN signal is at a higher 
frequency than the CLKOUT signal, the write 
pointer will start to catch up with the read 
pointer. When this situation is detected, the 
capacitive loading the device presents to the 
crystal is reduced, resulting in an increase in 
oscillator frequency and read pointer (CLKOUT) 
frequency. The oscillator frequency is peri- 
odically updated and adjusted to maintain the 
FIFO at half full. High frequency variations in 
the phase of the CLKIN signal Oitter) are 
absorbed in the FIFO. 

There are some advantages to this method of 
jitter attenuation. The device can tolerate large 
amplitude jitter at high frequencies. The device 
can track slow changes of the input clock fre- 
quency (wander) and tolerate input frequencies 
ranging over a specified frequency tolerance. 

A by product of this method of jitter attenuation 
is that the greater the input jitter, the greater the 
jitter attenuation, and the lower the frequency at 



which the device starts to attenuate jitter. Con- 
versely, low amplitude jitter recieves little 
attenuation. This performance characteristic is 
shown graphically in Figure 4. 
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Figure 4 - Jitter Attenuation Characteristics 
for 8MHz Nominal Frequency 



Clock Operation 

The CS80600 requires an external crystal. Exact- 
ing crystal specifications must be met to ensure 
proper operation of the curcuit Information on 
specifying crystals for the CS80600 is provided 
in the Applications section which appends this 
data sheet 

It is possible to use an extemally generated clock 
signal to clock data out of the CS80600. The 
external clock is input to the Alternate Read 
Clock input, (ARC, pin 12). Holding the Alter- 
nate Read Enable pin high (ARE, pin 6), directs 
the CS80600 to clock data out of the FIFO at the 
rate determined by ARC. Unless the clock signal 
on ARC is at exactly the same average frequency 
as the clock signal on CLKIN, the CS80600 wiU 
be prone to underflow or overflow and data will 
be lost 
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FIFO Overflow/Undetflow 

If underflow or overflow occurs, the buffer over- 
flow/underflow flag, OVR (pin 3), goes high. A 
RESET (pin 1) resets the overflow flag. If an 
overflow occurs, the eight bits of data in the 
FIFO are lost. An underflow condition causes the 
next eight bits read from the FIFO to be invalid. 
In either case, the CS80600 will immediately 
attempt to relock on to the clock signal. Holding 
RESET low disables the OVR flag. 

FIFO Reset 



Taking the FEFORST pin low causes most of the 
subcircuits of the CS80600 to go into a reset 
state. These circuits will remain in a reset condi- 
tion until FIFORST is returned to a logic 1 state. 
This function will set the FIFO write and read 
pointers to the first and fourth locations respec- 
tively. The oscillator will continue to run and 
CLKOUT will continue to be output. 

Power-Up Reset 

Upon power up, the CS80600 goes through an 
initialization procedure which requires ap- 
proximately 3 ms. During power-up reset, the 
overflow pin, OVR, is held high. When 
initialization is complete, the OVR pin goes low 
and the CS80600 is ready to lock on to an input 
clock signal on CLKIN. 
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PIN DESCRIPTIONS 



RESET 

FIFO RESET 

BUFFER OVERFLOW/UNDERFLOW 



RESET 



FIFORST 
OVR 

CRYSTAL OUTPUT XTALOUT 

CRYSTAL INPUT XTALIN 

ALTERNATE READ ENABLE ARE 

GROUND GND 



[1*^ 


■^14] 


[2 


13] 


[3 


12] 


[4 


11] 


[5 


10] 


[6 


9] 


[7 


8] 



V+ POWER SUPPLY 

DIN MANCHESTER DATA INPUT 

ARC ALTERNATE READ CLOCK 

OSCOUT OSCILLATOR OUTPUT 

CLKOUT OUTPUT CLOCK 

DOUT DATA OUTPUT 

CLKIN INPUT CLOCK 



Power Supplies 

V+ - Positive Power Supply, PIN 14. 

Typically +5V volts. 

GND -Ground, PIN 7. 

Ground reference. 




Oscillator 

XTALOUT; XTALIN - Crystal Output; Crystal Input; PINS 4, 5. 

A 20 kQ resistor should be connected across these pins parallel with the crystal. There is no 
need for external capacitors. The crystal should be connected to XTALIN and XTALOUT with 
minimal length traces on the pc board. 



Control 

RESET - Re set, PIN 1. 

When RESET is taken low, the OVR signal is reset. 



FIFORST - F IFO Reset , PIN 2. 

Taking FIFORST low resets the read and write pointers of the FIFO. Resetting the pointers will 
cause some data loss. 



ARE - Alternate Read Enable, PIN 6. 

For normal operation, ARE is held at logic 0. In this configuration the oscillator controls the 
read pointer of the FIFO. When ARE is at logic 1, the read pointer of the FIFO will be 
controlled by the clock signal on pin 12, ARC. 

Inputs 

CLKIN - Clock Input, PIN 8. 

Clock for the data input. This clock contains the jitter to be removed. 
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DIN -Data Input, PIN 13. 

Data input is sampled on the falling edge of GLKIN. 

ARC - Alternate Read Clock, PIN 12. 

When ARE, Pin 6, is at logic 1, a clock signal on ARC will control the FIFO's read pointer. 
CLKOUT, pin 10, will be at the same frequency and phase as ARC. Setting ARE to logic 
results in the device using its oscillator to generate CLKOUT. 



Outputs 

OVR - Buffer Overflow/Underflow, PIN 3. 

Goes high if the FIFO overflows or underflows, and is cleared by RESET. 

DOUT - Data Output, PIN 9. 

Data output with jitter removed. DOUT is stable and valid on the rising edge of CLKOUT. 

CLKOUT - Output Clock, PIN 10. 

Jitter free clock output corresponding to the data on DOUT. 

OSCOUT - Oscillator Output, Pin 11. 

Output of the crystal oscillator. 
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APPLICATIONS 



8.000 MHZ ^ 20k I 



TMS38020 

RCVR 
RCLK 
DRVR 



V.+ 
5!?Jl0k 

JL vT ^RESET [[l»^ 

L_RFORST [2 

0VR[3 

-XTALOUT [ 4 

- XTAUNCs 

ARE [ 6 

GND C 7 



F 



'14]V+ 

13 ] DIN ^ 

12] ARC 

11 ]NC 

10 ] CLKOUT - 

9 ]0OUT 

8]CU(IN 
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TMS38051 



TMS38052 



Figure Al. Basic LAN Application suggested for TMS380 Chip Set 



Token Ring Operation 

The CS80600 can be used, as shown in Figure 
Al with the TMS380 Token Ring adaptor chip- 
set in station adaptors, active wiring con- 
centrators and/or repeaters to attenuate jitter that 
accumulates in a ring. Figure Al has the effect of 
masking frequency deviations from the 
TMS38020 and preventing the "Hardware Error 
Process" from triggering. In this case, error 
recovery occurs as the result of higher level 
procedures. 



Figure A2 allows the "Hardware Error Process" 
to occur. When the CS 80600 overflows or 
underflows, a MUX is used to pass the out-of- 
frequency clock data around the CS80600 for a 
fixed number of bits. After those number of bits 
are passed, the CS80600 is switched back into 
the circuit. This allows the TMS38020 to 
observe a wide frequency variation. 

Figure A3 shows how the CS80600 can be used 
to generate a FRAQ signal, thereby allowing the 
TMS38051/52 PLL to be controlled in a repeater 
without the use of the TMS38020. 




DRVR RCLK 

TMS38020 

RCVR 




CLKOUT CLKIN 
DOUT DIN 



CS80600 

RESET 



DRVR 

TMS38051 

RCVR 



TMS38052 

DCLKOUT 



Figure A2. Passing of Frequency Errors 



CS80600 DIN 

OVR 
RESET 
CLKIN 



ifusTj 
delay 



TMS38051 

DRVR 
RCVR 



FRAQ 



TMS38052 



DCLKOUT 



Figure A3. Elimmating TMS38010/20/30 in Repeaters 
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RESET 

± 

V+ 



■-4 



lOk 



+5V 



6.312 MHzc 



20k 



RESETC1 

-FIR5RSTC2 

OVRC3 

XTALOUTC 4 

XTALINEs 

FARE [6 
GNDC7 



14]V+ 
13] DIN ^ 
12] ARC- 



J 



-JITTERED DATA INPUT 



11]OSCOUT 
10]CLKOUT- 

9 ]DOUT 

8 ] CLKIN *- 



-►JITTER FREE CLOCK 
-JITTER FREE DATA 
-JITTERED CLOCK INPUT 



Figure A4. Typical Jitter Attenuation Curcuit 



T2 Operation 

The CS80600 may be connected as shown in 
Figure A4 for jitter attenuation in T2 applica- 
tions. 

Selecting an Oscillator Crystal 

Figure A5 shows an equivalent representation of 
the oscillator circuit. The variable load capacitor 
is internal to the CS80600. The value of this 
capacitor is controlled by logic internal to the 
CS 80600. Based on this model, equations 1 and 
2 have been developed to help calculate the 
required crystal parameters necessary to meet 
system requirements. 



L Ivc 



^«Wn 



Hf^ 



I VARIABLE 

LOAD 
I CAPACITOR 



Cioad 



.'CRYSTAL MODEL 



<^ 



Figure A5. Equivalent Circuit of Oscillator 



Two important parameters in this model are the 
upper and lower bounds of Cioad (the variable 
load capacitor) and the value of Cq. Co can be 
used to control the series resonant frequency of 
the crystal. The minimum value of Cioad sets the 
maximum parallel resonant frequency. Together, 



Co and Cioad can be used to set the pull range of 
the oscillator and its maximum and minimum 
frequencies. 

Determining Required Pull Range 

Four factors contribute to the required pull 
range of the crystal: 

1 ) The frequency range required for the 
application. 

2) The frequency drift of the crystal over 
the operating temperature range. 

3) The variability in load capacitance 
fromlCtoIC. 

4) The accuracy to which the crystal can 
be manufactured. 

All of these factors have been measured or can 
be controlled. 

For a given crystal geometry, the series resonant 
frequency of the crystal is inversely proportional 
to Co. The relationship of the crystal's series 
resonant frequency to its parallel resonant fre- 
quency in the oscillator circuit determines the 
pull range of the oscillator. The further away the 
series resonant frequency is from the parallel 
resonant frequency (which is set by the load con- 
dition in the oscillator circuit) the greater the puU 
range of the crystal. That is: a smaller Co (greater 
series resonant frequency) results in less pull 
range, while the larger the Co (lower series 
resonant frequency), the larger the pull range. 
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The series resonant frequency of the crystal is 
calculated by Equation 1. 

fs = fN - Af (CL+CH+2C0) (C's in pF) (1 ) 

2(CL-CH) 
fs = series resonant frequency of crystal 
fN = 4 X Nominal Signal Frequency 

- should be 8.000000 MHz for LAN 

- should be 6.312000 MHz for T2 

- should be 8.448000 MHz for CEPT2 

Af = required pull range of crystal in Hz (Appm x fN) 
CL « load capacitance for low frequency oscillation 

(average is -44.0 pF) 
CH = load capacitance for high frequency oscillation 

(average is -9.5 pF) 

The parallel resonant frequency is calculated by 
Equation 2. 



fload = fs ( Ci+Cio^+Co )i/2 

Cload+Co 



(2) 



Table Al shows the crystal frequency as a func- 
tion of load capacitance. The deviation in 
frequency from the nominal is shown in ppm. 
Temperature drift has been accounted for as 
shown. The accuracy to which Co can be 
controlled, and the accuracy to which a crystal 
can be trained or calibrated should be factored 
in to guarantee that the required frequency range 
will be met. 

The setup shown in Figure A6 can be used to test 
crystals. When no CLKIN signal is applied to the 



device, the oscillator will tend to pull to one 
extreme of its pull range. Momentarily pressing 
the push button moves the relative positions of 
the FIFO pointers and if the write pointer stops 
(when the push button opens) in the right 
relationship to the read pointer, the oscillator will 
pull to the other end of its range. It may take a 
few tries. 



v+ 

10ki 



CRYSTAL c 



20k 



c 



1 


14 


2 


13 


3 


12 


4 


11 


5 


10 


6 roc 


irv^nn^ 



-v+ 




JL_ 
10k 



-^CLKOUT 



Figure A6. Crystal Pull Range Test 



General Applications 

The CS80600 will tolerate and attenuate at least 
three unit intervals of jitter over the specified 
range of input clock and oscillator frequencies. If 
the oscillator crystal is chosen so that the center 
frequency of its pull range is close to the input 
frequency, CLKIN, the CS80600 will tolerate 
more jitter; up to seven unit intervals will be 
tolerated under optimal conditions. 



NOMINAL INPUT SIGNAL FREQUENCY 

8.000000 MHz 



CLin pf 



C low f req 
min 41.0 



FREQUENCY TOLERANCE OF INPUT SIGNAL 



+100 ppm 



-1 70 ppm 

7998640 



^hlghfreq 
max 10.7 



+170 ppm 

8001360 



ASSUMING j-50 ppm TEMPERATURE DRIFT FROM (f- 7Cf C 



MAXIMUM ALLOWABLE PULL RANGE: 400 ppm 



o 

m Ti 

i° 

is 
S 

3) 



Table Al. LAN Crystal Requirements 
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Consider the case where the average clock fre- 
quency at CLKIN approaches the slow end of 
the range, 8.000 MHz - 100 ppm. In this case, 
the oscillator will be near the bottom of its pull 
range, restricting its ability to achieve frequen- 
cies well below the CLKIN frequency. The result 
is that the read pointer of the FIFO will begin to 
catch up to the write pointer. If enough jitter is 
introduced, the read pointer will overtake the 
write pointer resulting in an error (i.e. the device 
will try to read out data before it is written in). A 
similar situation occurs when the CLKIN signal 
approaches the fast end of its range, 8.000 MHz 
+ 100 ppm. In either case, the CS80600 will 
tolerate at least 3 unit intervals of jitter. 

Taking care in selecting the proper crystal can 
result in improved jitter tolerance without 
degrading the performance of the CS80600. If 
the center frequency of the oscillator is precisely 
four times the CLKIN frequency, and the crystal 
has at least the specified pull range, the CS80600 
will tolerate 7 unit intervals of jitter. In this case, 
the read and write pointers of the FIFO will 
maintain optimal separation when the signal is 
jitter free, allowing the device to tolerate maxi- 
mum jitter input. 



Master/Slave Configuration 

Some applications require separate repre- 
sentations of the positive and negative going 
pulses for an AMI signal. Two CS80600s can be 
used to remove jitter from a set of signals 
consisting of POS, NEG and CLK. Figure A7 
shows the master/slave configuration. 

This configuration requires one crystal (on the 
master). The CLKOUT signal from the master 
controls the FIFO read pointer of the slave 
CS80600. Setting ARE, pin 6, of the slave to 
logic 1 directs the device to use the clock input 
to ARC, pin 12, to control the FIFO read pointer. 
For this configuration to function properly, the 
positions of the FIFO the read and write pointers 
in both devices must correspond. The FIFO 
pointer reset, FIFORST, of both devices must be 
tied together. After the power supplies have 
stabilized, and the clock has been input at 
CLKIN, FIFORST should be momentarily 
pulled low to reset the pointers of both devices. 
The overflow flag s should then be reset by 
momentarily pulling RESET, pin 1, low. 



FIFO 
POLNTER V+ CLKII^ 
'lOk 



OVR 
RESET 



RESET 



-1 v+ 
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ARC 



NC 
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► DOUT2 
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Figure A7. Master/Slave Configuration 
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Additional slaves may be added. The ARC input 
may be derived from either the CLKOUT pin on 
the master, or the CLKOUT pin on a preceding 
slave. When using the master's CLKOUT pin, 
the fan out must be considered. Attaching several 
inputs to the CLKOUT pin increases the load 
that the output must drive. The added 
capacitance will reduce the switching speed of 
the output driver. Similarly, a configuration 
which uses the CLKOUT signal of each 
CS80600 to drive the subsequent CS80600 will 
induce some propagation delay. These potential 
timing problems should be considered when 
cascading CS80600s. 



through the jitter attenuator, phase and frequency 
integrity at CLKOUT is maintained. 
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Figure A8. Maintaining Clock Integrity 




Creating Phase Coherent Clocks From Two 
Clock/Data Streams 



Jitter Attenuation at Different Clock Rates 



The master/slave configuration can be used to 
align two independent clock/data streams as long 
as the clocks of both signals are at exactly the 
same average frequency. The schematic shown in 
Figure A7 is used to implement this application, 
but CLKIN signals are independent, not tied 
together. This application will attenuate jitter as 
long as the jitter input to either device plus the 
difference in unit intervals between the clock 
signals does not exceed seven unit intervals. 
Note that more jitter can be tolerated if the 
guidelines described at the beginning of this sec- 
tion are followed. 

Maintaining Clock 



The CS80600 can be used to attenuate jitter at 
frequencies below 4.5 MHz. For signal frequen- 
cies above about 4.5 MHz, selection of the 
appropriate crystal will suffice. For jitter attenua- 
tion of lower frequency signals, an external 
divider is required. Figure A9 shows how the 
CS80600 can be configured for low frequency 
jitter attenuation. 

Frequency tolerance of the input signal is still 
based on the pull range of the crystal in ppm. For 
example, a 64 kbps jitter attenuator which uses 
an external divide by 32, and a 8.192 MHz crys- 
tal with ± 200 ppm pull range will have ± 200 
ppm tolerance at 64 kbps or ± 12.8 Hz. 



Many applications require that the clock signal 
from CLKOUT be maintained within some 
specified range of frequencies when the clock 
signal on CLKIN (often generated from a 
recovered T2 or CEPT2 signal clock) goes away. 
Figure A8 shows one method for maintaining ihe 
CLKOUT signal. The reference clock is a locally 
generated clock whose frequency lies within the 
tolerance of the applicable specifications which 
govern the system's design. When the CLKIN 
signal goes away, the multiplexor should switch 
in the reference clock. Since this clock goes 
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Figure A9. Low Frequency Jitter Attenuation 
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INTRODUCTION 

Crystal's industry-standard DTMF receivers, CS8870, CS202, CS203 and CS204, are available at 
aggressive pricing while exhibiting performance which exceeds that of competitive devices. The 
Crystal CS20X family requires half the power of industry alternatives, provides 22 dB more dial-tone 
rejection and has better latch-up immunity than products available from other vendors. The receivers 
incorporate filters to guarantee the best possible signal-to-noise ratio. This allows highly accurate 
decoding of telephone tones into digital outputs. 

USER'S GUIDE 



Device: 


CS202/3 


CS204 


CS8870 




DTMF 


DTMF 


DTMF 




Receiver 


Receiver 


Receiver 


Package Size (# pins) 


18 


14 


18 


Signal Sensitivity 


-32 dBm 


-32 dBm 


-29 dBm 


Dial Tone Tolerance 


22 dB 


22 dB 


22 dB 


Acceptable Twist 


10 dB 


10 dB 


10 dB 


Typical Power Consumption 


4.5 mA 


4.5 mA 


6mA 


Tone Pairs Detected 


12 or 16 


16 


16 


Output Format 


Hex/Binary 


Hex 


Hex 


Package 


18 pin DIP 


14 pin DIP 


18 pin DIP 



CONTENTS 



CS202/3 DTMF Receiver 
CS204 DTMF Receiver 
CS8870 DTMF Receiver 
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DTMF Receiver 



Features 



Full Receiver Implementation 

Central Office Quality 

Detects 12 or 16 DTMF Tone Pairs 

Uses Inexpensive 3.579 MHz Colorburst 
Crystal 

Hex or Binary 2-of-8 Output 

Synchronous or Handshake Controlled 

Output 

Built-in Filter for Dial Tone Rejection 

18 Pin Package 

Single 5 Volt ±1 0% Power Supply 

Early detect output (CS203) 

Pin Compatible with SSI 202/SSI 203 



General Description 

The CS202 and CS203 are fully Integrated DTMF (Dual 
Tone Multifrequency) receivers that decode the tone 
pairs used in standard tone dialing schemes. All of the 
functions needed for decoding the tone pairs are imple- 
mented using Crystal's double-poly CMOS process for 
low power and high performance. 



ORDERING INFORMATION 

CS202-IP 18 Pin Plastic DIP 
CS203-IP 18 Pin Plastic DIP 
All standard 300 mil DIPS 




Block Diagram 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Symbol 


Min 


Max 


Units 


DC Supply 


Vp - GND 


- 


7.0 


V 


Input Voltage, Any Pin Except 
Analog in 


Vin 


-0.5 


Vp + 0.5 


V 


Input Voltage, Analog In 


Vin 


Vp-10 


Vp + 0.5 


V 


Input Current, Any Pin (Note 1) 


l|n 


- 


+10.0 


mA 


Ambient Operating Temperature 


Ta 


-40 


85 


°C 


Storage Temperature 


Tstg 


-65 


150 


°C 



WARNING: Operation beyond these limits may result in permanent damage to the device. Normal operation 

is not guaranteed at these extremes. 
Note: 1 . Transient currents of up to 1 00 mA will not cause SCR latch-up. 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Supply 


Vp 


4.5 


5.0 


5.5 


V 


Crystal Frequency 


Fc 


3.5759 


3.5795 


3.5831 


MHz 


Ambient Operating Temperature 


Ta 





25 


70 


°C 



DIGITAL CHARACTERISTICS (Ta = o°c to 70°C; Vp = sv + 10%) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


High-Level Input Voltage 


V,H 


0.7M3 


- 


Vp 


Volts 


Low-Level Input Voltage 


V|L 





- 


0.3Vp 


Volts 


High-Level Output Voltage 

200 u A Load (Note 2) 


^OH 


Vp - 0.5 


- 


Vp 


Volts 


Low-Level Output Voltage 

400 u A Load (Note 2) 


Vol 





- 


0.5 


Volts 



Note: 2. Does not include XOUT. 



Specifications subject to cliange witliout notice. 
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ANALOG CHARACTERISTICS 


(Ta = O^C to 70^0; Vp = 5V ± 1 0%) 






Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Supply Current (Notes) 


'p 


- 


6.0 


12 


mA 


Frequency Detect Bandwidth 


BW 


+ (1.5+2Hz) 


+2.3 


±3.5 


%0f lo 


Detection Amplitude (Note 4) 


- 


- 32 


- 


- 2 


dBm 


Twist (Notes) 


- 


- 


+ 10 


- 


dB 




- 


- 


0.8 


- 


Vrms 


Dial Tone Tolerance (Note 6, 1 o) 


- 


- 


22 


- 


dB 


Talk Off (Note 7) 


- 


- 


2 


- 


hits 


Power Supply Noise (Note 8) 


- 


- 


10 


- 


mVp.p 


Noise Tolerance (Note 7. io) 


- 


- 


-12 


- 


dB 


Input Impedance at ANALOG IN 

(Note 9) 


Zin 


100//15 


- 


- 


kohm// 
pF 



Notes: 3. Ta = 25^C 

4. Each tone. dBm = decibels above or below a reference power of 1 mW into a 600Q load. 

5. Twist = high tone/low tone. 

6. Precise dial tone frequencies of 350Hz ± 2% and 440Hz ± 2%. 

7. MITEL tape #CM 7290 

8. Bandwidth limited (3kHz) Gaussian noise. 

9. Vin = (Vp-10V)toVp 

10. Referenced to lower amplitude tone 
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SWITCHING CHARACTERISTICS (TA = o-cto70-C;Vp = 5V±io%) 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Tone Time: for detect 

for reject 


^on 
ton 


40 


- 


20 


ms 
ms 


Pause Time: for detect 

for reject 


toff 
toff 


40 


_ 


20 


ms 
ms 


Detect Time 


td 


25 


- 


46 


ms 


Release Time 


^r 


25 


- 


50 


ms 


Data Setup Time 


'su 


7 


- 


- 


us 


Data Hold Time 


th 


7 


9 


10 


us 


DV Clear Time 


tcl 


- 


160 


250 


ns 


GLRDV Pulse Width 


tpw 


200 


- 


- 


ns 


ED Detect Time 


ted 


5 


- 


22 


ms 


ED Release Time 


*er 


0.5 


- 


18 


ms 


Output Enable Time (Note 11) 
Cl = 50pF, Rl=1 kohm 


^en 


- 


200 


300 


ns 


Output Disable Time (Note 11) 
Cl = 35 pF, R L= 500 ohms 


tdis 


- 


150 


200 


ns 


Output Rise Time (Noteii) 
Cl = 50 pF 


trise 


- 


200 


300 


ns 


Output Fall Time (Noten) 
Cl = 50 pF 


tfall 


- 


160 


250 


ns 



Note: 1 1 . Rl and Cl are parallel impedances. 
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Any Digital Output 
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Figure 1 - Timing Diagram 
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GENERAL DESCRIPTION 

The CS202 and CS203 are complete Dual Tone 
Multifrequency (DTMF) Receivers designed to 
detect 12 or 16 digits in either a 2-of-7 or 2-of-8 
tone selection scheme. These devices provide all 
of the necessary filtering and require only an ex- 
ternal 3.5795 MHz colorburst crystal and a resis- 
tor to provide a reference clock. Both devices are 
designed using a high-density, low-power 
CMOS technology, and provide tiie best perfor- 
mance at the lowest cost. 

The CS202 and CS203 have filtering on board to 
guarantee the best signal-to-noise performance 
possible. The DTMF signal is passed through a 
dial tone reject filter to reduce dial tone inter- 
ference, and is then separated into low and high 
groups using two bandsplit filters. The output of 
each bandsplit filter contains frequency com- 
ponents from only one DTMF tone group. 

Table 1 - DTMF Dialing Matrix 



Low-Band 


High-Band 


Column 1 
1209 Hz 


Column 2 
1336 Hz 


Column 3 
1477 Hz 


Column 4 
1633 Hz 


Rowl 
697 Hz 


1 


2 


3 


A 


Row 2 
770 Hz 


4 


5 


6 


B 


Row 3 
852 Hz 


7 


8 


9 


c 


Row 4 
941Hz 


* 





# 


D 



For a valid DTMF signal to be detected, each 
group must simultaneously contain only one 
valid DTMF tone. Detection of the two tones is 
accomplished with a digital algorithm. The 
sinusoidal filter output waveforms pass through 
a pair of hard limiters. The decoder takes the 
resultant square waves and measures their 
periods. This period measurement varies with jit- 
ter created by any extraneous signals within the 
signal passed to tiie limiter. The period measure- 
ment is averaged over a number of cycles and 
compared to a range of period measurements 



representing the three or four expected tones. If 
both bands have a valid tone decoded, the ED 
signal (CS203 only) will go high. 

After two valid tones have been recognized by 
the decoder, the tones are subjected to a detect 
timing cycle. The two tones must remain valid 
for 20 to 40 ms for DV to go high, indicating 
that a valid digit has been decoded. This prevents 
voices or other in-band noise from creating a 
false trigger. 

After a valid digit is indicated, the timing circuit 
will then enable a timing chain that detects drop- 
outs. If a signal drop of less than 20 ms duration 
occurs, it will be ignored. This timing prevents 
false triggering due to keybounce or other signal 
interruptions. Any drop-out in excess of 40 ms is 
considered a valid release; the receiver is reset 
(DV goes low), and all decoded outputs are 
cleared for the next decode. 

Interfacing to the CS202 and CS203 

The CS202 and CS203 have analog, data and 
control interfaces. The analog interface deter- 
mines how an analog voice channel is connected. 
The data interface controls the method of ex- 
tracting output data. The control interface deter- 
mines what signals are detected and how they are 
presented to the data interface. 

The analog interface consists of only one signal: 
ANALOG IN. The ANALOG IN signal can be 
either DC-coupled or AC-coupled using a 
O.OImF capacitor. Care must be taken not to ex- 
ceed the voltage requirements of the pin. It is 
also desirable to add a simple RC lowpass filter 
to bandlimit the input to the voice band (100 Hz 
to 3.4 kHz) so that high frequency noise near the 
55.9 kHz internal sampling frequency is not 
aliased into the voice band by the internal 
switched-capacitor filters. 
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0.01 nF 



Input 



ANALOG IN 
CS202/3 



Figure 2 - AC - Coupled Input 



The data interface is structured as either a 
strobed (synchronous) or handshake output. In 
the strobe mode, CLRDV is held low and DV is 
used as a data clock to strobe valid information 
from the data pins (Dl, D2, D4, D8). The hand- 
shake mode is useful in an edge-triggered en- 
vironment. The DV pin is used to generate an in- 
terrupt which forces the system to read informa- 
tion from the data pins. The interrupt (DV), is 
then cleared by taking CLRDV high momentari- 
ly. When there is a need to interface the receivers 
to a bus, the CS202 and CS203 can be three-state 
controlled by the EN pin. The EN pin must be 
held high to take the devices out of the high im- 
pedance state and into a data output mode. Con- 
versely, taking EN low will force the devices 
into high impedance states and prevent bus 
conflicts. 



The control interface is represented by the 
HEX/B28 pin and the IN1633 pin. Both of these 
pins control the output data. The HEX/B28 pin 
will place the output in a hex format when tied 
high, and will put it into a binary coded 2-of-8 
output format when held low. The IN1633 pin is 
used to select either the 12 digit or the 16 digit 
format. When this pin is high, the devices will 
consider any tone pairs con-taining the 1633Hz 
signal (digits A, B, C and D) as invalid signals. 
When this pin is low, all tones are decoded. 

Clock Generation 

The CS202 and CS203 provide two separate 
means of clock generation, internal and external. 
With internal clock generation, a 3.5795 MHz 
crystal is tied between XIN and XOUT, a IMQ 
resistor is tied in parallel with the crystal to 
guarantee oscillation, and the XEN signal is tied 
high enabling the crystal oscillator. In this mode, 
the ATB pin is a 447.443 kHz clock output 
which can be used to drive up to 10 other CS202 
and CS203 devices that are in the external clock 
mode. 



Table 2- 


Digital Encoding of DTMF Signal 


Digit 


Hexadecimal 


Binary 2-of-8 | 


D8 


D4 


D2 


D1 


D8 


D4 


D2 


Dl 


1 


T" 


"5" 


"o" 




"sr 


"o" 


"S" 


"o" 


2 





















1 


3 


















1 





4 





1 










1 








5 





1 










1 





1 


6 





1 









1 


1 





7 





1 






1 











8 












1 








1 


9 












1 





1 

















1 


1 





1 


* 











1 


1 








# 




1 






1 


1 


1 





A 




1 












1 


1 


B 




1 









1 


1 


1 


C 




1 






1 





1 


1 


D 














1 


1 


1 


1 




XIN 


Vp3 


XIN 






CS202^3 




CS202/3 




XOUT 


11 


XOUT 




XEN ATB 




XEN ATB 




8 1 13 
Vp 




8J^ 13 


447.4 kHz 



Figure 3 - Clock Options 

The external clock mode is obtained by tying 
XIN high and XEN low. In this mode, the inter- 
nal oscillator output is placed in a high im- 
pedance state, and ATB is used to input a 
447.443 kHz clock. 
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Power Supply 

The CS202 and CS203 operate on a 5V ± 10% 
power supply. As with any circuit that combines 
analog and digital signals, good power supply 
decoupling is recommended. For best perfor- 
mance, a O.lfiF non-polarized (mylar, ceramic, 
etc.) capacitor should be tied between Vp and 
GND. Additional low frequency protection can 
be achieved with a 10|aF electrolytic capacitor 
connected in parallel with the OA\xF capacitor. 
The decoupling capacitors should be situated as 
close to the device as possible. 



DATA OUTPUT 1 P1 

HEX/BINARY 2-OF-8 SELECT HEX/B28 

DATA ENABLE EN 

1633Hz INHIBIT IN1633 

POWER Vp 

NO CONNECT N/C 

GROUND GND 

OSCILLATOR ENABLE XEN 

DTMF INPUT ANALOG IN 



•— ^ 


[1* 


18] 


[2 


17] 


[3 


16] 


[4 


15] 


[5 


14] 


[6 


13] 


[7 


12] 


[8 


11] 


[9 


10] 



D2 DATA OUTPUT 2 
D4 DATA OUTPUT 4 
D8 DATA OUTPUT 8 
CLRDV DATA VALID CLEAR 
DV DATA VALID 
ATB ALTERNATE TIME BASE 
XIN CRYSTAL INPUT 
XOUT CRYSTAL OUTPUT 
GND GROUND 
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DATA OUTPUT 1 

HEX/BINARY 2-OF-8 SELECT 

DATA ENABLE 

1633Hz INHIBIT 

POWER 

EARLY DETECT 

GROUND 

OSCILLATOR ENABLE 

DTMF INPUT 



D1 

HEX/B28 [ 

EN 

INI 633 

Vp p 

ED 

GND 

XEN 

ANALOG IN 



^-^ 


[1* 


18] 


[2 


17] 


[3 


16] 


[4 


15] 


[5 


14] 


[6 


13] 


[7 


12] 


[8 


11] 


[9 


10] 



D2 


DATA OUTPUT 2 


D4 


DATA OUTPUT 4 


D8 


DATA OUTPUT 8 


CLRDV 


DATA VALID CLEAR 


DV 


DATA VALID 


ATB 


ALTERNATE TIME BASE 


XIN 


CRYSTAL INPUT 


XOUT 


CRYSTAL OUTPUT 


GND 


GROUND 



CS203 
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PIN DESCRIPTIONS 



Power Supplies 

Vp - Positive Power Supply, PIN 5. 

Nominally, +5 volts. 

GND - Ground, PINS 7 and 10. 

Negative power supply pins. Normally connected to system ground (0 volts). Pin 10 must be 
connected to ground. Pins 7 and 10 are connected together internally so that an external connec- 
tion of pin 7 to ground is optional. If pins 7 and 10 are both connected to ground, they should be 
tied to the same ground trace on the PCB. 



Oscillator 

XIN - Crystal Input, PIN 12. 

Input pin for the crystal oscillator. One lead of the crystal and its bias resistor are tied to this pin. 



XOUT - Crystal Output, PIN II. 

Crystal oscillator output pin. One lead of the bias resistor and crystal are tied to this pin. 

XEN - Oscillator Enable, PIN 8. 

Setting XEN to logic 1 puts the device in the internal clock mode. The on chip oscillator is used 
as the clock and the ATB pin is configured to output 447.443 kHz (fosC/8). Setting XEN to 
logic puts the device in the external clock mode. In the external clock mode, a clock signal 
input to the ATB pin is used to clock the device; the internal oscillator is not used. 

ATB - Alternate Time Base, PIN 13. 

In the internal clock mode (XEN = 1), ATB will output a 447.443 kHz clock (fosC/8). In the ex- 
ternal clock mode (XEN = 0), a 447.443 kHz clock should be input to the ATB pin. 



Inputs 

ANALOG IN - DTMF Input, PIN 9. 

Signal channel input. The DTMF tones to be decoded are input into this pin. 
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IN1633 - 1633 Hz Inhibit, PIN 4. 

Setting IN 1633 to logic 1 causes the device to not decode tone pairs which contain 1633 Hz 
tones. If IN 1633 is set to logic 0, the device will decode all 16 DTMF tone pairs. 

HEX/B28 - Hex^B28, Binary 2-of-8 Select, PIN 2. 

Setting HEX/B28 to logic 1 causes the code corresponding to the decoded DTMF signal to be 
output in a Hexadecimal format. Data will be output in a Binary 2 of 8 format if HEX/B28 is set 
to logic 0. 

EN - Data Enable, PIN 3. 

Holding EN at logic 1 enables the data outputs. Setting EN to logic causes the data outputs to 
go to a high impedance state. 

CLRDV - Data Valid Clear, PIN 15. 

Setting CLRDV to a logic 1 clears a data valid indication on DV. 



Outputs 

Dl; D2; D4; D8 - Data Outputs, PINS 1; 18; 17; 16. 

A code corresponding to a decoded DTMF signal is output on these pins. This output can be in 
hexadecimal (HEX/B28 = 1) or binary 2 of 8 (HEX/B28 = 0). 

DV- Data Valid, PIN 14. 

DV goes to logic 1 when the code corresponding a valid tone pair is present on the data outputs. 

ED - Early Detect (CS203 Only), PIN 6. 

Indicates data detection prior to processing through the timing circuitry. It is subject to false 
triggering and drop-outs but can be used to determine if signals are reaching the decoder. 



Miscellaneous 

N/C - No Connect (CS202 Only), PIN 6. 

Not internally bonded. 
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DTMF Receiver 



Features 

Full Receiver Implementation 

Central Office Quality 

Detects All 16 DTMF Tone Pairs 

Uses Inexpensive 3,579 MHz Colorburst 

Crystal 

Hex Output 

Built-in Filter for Dial Tone Rejection 

14 Pin Package 

Single 5 Volt ±10% Power Supply 

Low Power CMOS Technology 

Pin Compatible with SSI 204 



General Description 

The CS204 is a fully integrated DTMF (Dual Tone 
Multifrequency) receiver that decodes the tone pairs 
used in standard tone dialing schemes. All of the 
functions needed for decoding the tone pairs are 
implemented using Crystal's double-poly CMOS 
process for low power and high performance. 



ORDERING INFORMATION 

CS204-P 14 Pin Plastic DIP 
Standard 300 mil DIPs 




Blocic Diagram 
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ABSOLUTE MAXIMUM RATINGS 








Parameter 


Symbol 


Min 


Max 


Units 


DC Supply 


Vp-GND 


- 


7.0 


V 


Input Voltage, Any Pin Except 
Analog in 


Vin 


-0.5 


Vp + 0.5 


V 


Input Voltage, Analog In 


Vin 


Vp-10 


Vp + 0.5 


V 


Input Current, Any Pin ^^^^ ^^ 


hn 


- 


±10.0 


mA 


Ambient Operating Temperature 


Ta 





70 


°C 


Storage Temperature 


Ts.g 


-65 


150 


°C 



WARNING: Operation at or beyond these limits may result in permanent damage to the device. Normal opera- 
tion is not guaranteed at these extremes. 
Note: 1 . Transient currents of up to 1 00mA will not cause latch-up. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Supply 


Vp 


4.5 


5.0 


5.5 


V 


Crystal Frequency 


■=0 


3.5759 


3.5795 


3.5831 


MHz 


Ambient Operating Temperature 


Ta 





25 


70 


°C 



DIGITAL CHARACTERISTICS (Ta = o°c to 70°C; Vp = 5V + 10%) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


High-Level Input Voltage 


V,H 


O.TVp 


- 


Vp 


Volts 


Low-Level Input Voltage 


V,L 





- 


0.3Vp 


Volts 


High-Level Output Voltage 

200 UA load (Note 2) 


Vqh 


Vp - 0.5 


- 


Vp 


Volts 


Low-Level Output Voltage 

400 uA load (Note 2) 


V 





- 


0.5 


Volts 



Note: 2. Does not include XOUT. 



Specifications subject to change without notice. 
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ANALOG CHARACTERISTICS (Ta = o^c to 70°C; Vp = 5V± 10%) 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Supply Current 


'p 


- 


6.0 


12 


mA 


Frequency Detect Bandwidth 


BW 


+ (1.5f2Hz) 


±2.3 


±3.5 


%of i 


Detection Amplitude (note 3) 


- 


- 32 


- 


- 2 


dBm 


Twist (note 4) 


- 


- 


+ 10 


- 


dB 


60 Hz Tolerance 


- 


- 


0.8 


- 


Vrms 


Dial Tone Tolerance (note 5, 9) 


- 


- 


22 


- 


dB 


Talk Off (notes) 


- 


- 


2 


- 


hits 


Power Supply Noise (note 7) 


- 


- 


10 


- 


mVp^ 


Noise Tolerance (note 6.9) 


- 


- 


-12 


- 


dB 


Input Impedance at ANALOG IN 

'^ ^ (note 8) 


Zin 


100//15 


- 


- 


kohm// 
pF 



Notes: 3. Each tone. dBm = decibels above or below a reference power of 1 mW into a 600Q load. 

4. Twist = high tone/low tone. 

5. Precise dial tone frequencies of 350Hz ± 2% and 440Hz ± 2%. 

6. MITEL tape #CM 7290 

7. Bandwidth limited (3kHz) Gaussian noise. 

8. Vin = (Vp.10V)toVp 

9. Referenced to lower amplitude tone 
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SWITCHING CHARACTERISTICS (Ta = o^c to 70°C; Vp ^ 


= 5V±10%) 




Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Tone Time: 
for detect 
for reject 




40 


- 


20 


ms 
ms 


Pause Time: 
for detect 
for reject 


*off 
toff 


40 


- 


20 


ms 
ms 


Detect Time 


*d 


25 


- 


46 


ms 


Release Time 


^r 


25 


- 


50 


ms 


Data Setup Time 


^su 


7 


- 


" 


us 


Data Hold Time 


th 


7 


9 


10 


us 


Output Enable Time (note io) 
Cl = 50pF, Rl= 1 kohm 


ten 


- 


200 


300 


ns 


Output Disable Time (note io) 
Cl = 35 pF, R L= 500 Ohms 


tdis 


- 


150 


200 


ns 


Output Rise Time (note i o) 
Cl = 50 pF 


trise 


- 


200 


300 


ns 


Output Fall Time (noteio) 
Cl = 50 pF 


tfall 


- 


160 


250 


ns 



Note: 1 0. Rl and Cl are parallel Impedances. 
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Tone Burst 1 



td 
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Figure 1 - Timing Diagram 
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GENERAL DESCRIPTION 

The CS204 is a complete Dual Tone Multifre- 
quency (DTMF) Receiver designed to detect 16 
digits in a 2-of-8 tone selection scheme. This 
part provides all of the necessary filtering and re- 
quires only an external 3.5795 MHz colorburst 
crystal and a resistor to provide a reference 
clock. This device is designed using a high-den- 
sity, low-power CMOS technology and provides 
the best performance at the lowest cost. 

The CS204 has filtering on board to guarantee 
the best signal-to-noise performance possible. 
The DTMF signal is passed through a dial tone 
reject filter to reduce dial tone interference, and 
is then separated into low and high groups 
using two bandsplit filters. The output of each 
bandsplit filter contains frequency components 
from only one DTMF tone group. 

Table 1 - DTMF Dialing Matrix 



Low-Band 


High-Band 


Column 1 
1209 Hz 


Column 2 
1336 Hz 


Columns 
1477 Hz 


Column 4 
1633 Hz 


Rowl 
697 Hz 


1 


2 


3 


A 


Row 2 
770 Hz 


4 


5 


6 


B 


Row 3 
852 Hz 


7 


8 


9 


c 


Row 4 
941 Hz 


* 





# 


D 



For a valid DTMF signal to be detected, each 
group must simultaneously contain only one 
valid DTMF tone. Detection of the two tones is 
accomplished with a digital algorithm. The 
sinusoidal filter output waveforms pass through 
a pair of hard limiters. The decoder takes the 
resultant square waves and measures the period. 
This period measurement varies with jitter 
created by any extraneous signals within the sig- 
nal passed to the limiter. The period measure- 
ment is averaged over a number of cycles and 
compared to a range of period measurements 
representing the four expected tones. After two 



valid tones have been recognized by the decoder, 
the tones are subjected to a detect timing cycle. 
The two tones must remain valid for 20 to 40 ms 
for DV to go high, indicating that a valid digit 
has been decoded. This prevents voices or other 
in-band noise from creating a false trigger. 

After a valid digit is indicated, the timing circuit 
will then enable a timing chain that detects drop- 
outs. If a signal drop of less than 20 ms occurs, it 
will be ignored. This timing prevents false trig- 
gering due to key bounce or other signal inter- 
ruptions. Any drop-out in excess of 40 ms is con- 
sidered a valid release; the receiver is reset (DV 
goes low), and all decoded ou^uts are cleared 
for the next decode. 



Interfacing to the CS204 

The CS204 has analog and data interfaces. The 
analog interface determines how an analog voice 
channel is connected. The data interface is used 
to extract information from the receiver. 

The analog interface consists of only one signal: 
ANALOG IN. The ANALOG IN signal can be 
either DC-coupled or AC coupled using a O.OlfiF 
capacitor. Care must be taken to not exceed the 
voltage requirements of the pin. On-chip 
capacitor coupling guarantees that the signal is 
properly referenced internally. It is also desirable 
to add a simple RC lowpass filter to bandlimit 
the input to the voice band (100 Hz to 3.4 kHz) 
so that high frequency noise near the 55.9 kHz 
internal sampling frequency is not aliased into 
the voice band by the internal switched-capacitor 
filters. 



O.OInF 



Input 



ANALOG IN 
CS204 



Figure 2 - AC-Coupled Input 
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The data interface is structured as a synchronous 
output. Data is extracted from the receiver by 
using the DV pin as either an output strobe or by 
scanning and externally detecting the positive- 
going edge of DV. Data is considered valid only 
when DV is high. 



Clock Generation 

The CS204 provides two separate means of 
clock generation, internal and external. With in- 
ternal clock generation, a 3.5795 MHz crystal is 
tied between XIN and XOUT, a IMQ resistor is 
tied in parallel with the crystal to guarantee os- 
cillation, and the XEN signal is tied high ena- 
bling the crystal oscillator. In this mode, the ATB 
pin is a 447.443 kHz clock output which can be 
used to drive up to 10 other CS202, CS203 or 
CS204 devices that are in the external clock 
mode. The external clock mode is obtained by 
tying XIN high and XEN low. In this mode, the 
internal oscillator output is placed in a high im- 
pedance state, and ATB is used to input a 
447.443 kHz clock. 




Vp 



10 



XIN 
CS204 



XOUT 
XEN ATB 



61. 11 



achieved with a lO^iP electrolytic capacitor con- 
nected in parallel with the 0.1 jnF capacitor. 





Table 2- 


Output Codes 




Digit 


Hexadecimal | 


D4 


D3 


D2 


D1 


1 













2 








1 




3 








1 




4 





1 







5 





1 







6 





1 


1 




7 





1 


1 




8 












9 




















1 




* 







1 




# 




1 







A 




1 







B 




1 


1 




C 




1 


1 





447.4 kHz 



Figure 3 - Clock Options 



Power Supply 

The CS204 operates from a 5 volts ± 10% power 
supply. As with any circuit that combines analog 
and digital signals, good power supply decou- 
pling is recommended. For best performance, a 
O.ljiF non-polarized (mylar, ceramic, etc.) 
capacitor should be tied between Vp and GND. 
Additional low frequency protection can be 
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PIN DESCRIPTIONS 



DATA OUTPUT 2 

DATA OUTPUT 1 

DATA ENABLE 

POWER 

NO CONNECT 

OSCILLATOR ENABLE 



DTMF INPUT ANALOG IN 




DATA OUTPUT 4 
DATA OUTPUT 8 
DATA VALID 
ALTERNATE TIME BASE 
CRYSTAL INPUT 
CRYSTAL OUTPUT 
GROUND 



Power Supplies 



Vp - Positive Power Supply, PIN 4. 

Nominally +5 volts. 

GND- Ground, PIN 8. 

Most negative power supply pin. Normally connected to system ground (0 volts). 



Oscillator 

XIN - Crystal Input, PIN 10. 

Input pin for the crystal oscillator. One lead of the crystal and its bias resistor are tied to this 
pin. 

XOUT - Crystal Output, PIN 9. 

Crystal oscillator output pin. One lead of the bias resistor and crystal are tied to this pin. 

XEN - Oscillator Enable, PIN 6. 

Setting XEN to logic 1 puts the device in the internal clock mode. The on chip oscillator is used 
as the clock and the ATB pin is configured to output 447.443 kHz (fosc/8). Setting XEN to 
logic puts the device in the external clock mode. In the external clock mode, a signal input to 
the ATB pin is used to clock the device; the internal oscillator is not used. 

ATB . Alternate Time Base, PIN 11. 

In the internal clock mode (XEN=1), ATB will output a 447.443 kHz clock (fosc/8). In the ex- 
ternal clock mode (XEN=0), a 447.433 kHz clock should be input to the ATB pin. 



Inputs 

ANALOG IN - DTMF Input, PIN 7. 

Signal channel input. The DTMF tones to be decoded are input into this pin. 
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EN - Data Enable, PIN 3. 

Holding EN at logic 1 enables the data outputs. Setting EN to logic causes the data outputs to 
go to a high impedance state. 



Outputs 

Dl; D2; D4; D8 - Data Outputs, PINS 2; I; 14; 13. 

A code corresponding to a decoded DTMF signal is output on these pins in a hexadecimal for- 
mat. 

DV . Data Valid, PIN 12. 

DV goes to logic 1 when the code corresponding to a vaUd tone pair is present on the data out- 
puts. 



Miscellaneous 




N/C - No Connect, PIN 5. 

Not internally bonded. 



DS7F1 4-21 



CS204 



Notes 



4-22 DS7F1 



Semiconductor Corporation 




DTMF Receiver 



Features 

• Full Receiver Implementation 

• Central Office Quality 

• Adjustable Receive Sensitivity 

• Adjustable Detection and Release Time 

• Single Supply Operation 

• Low Power Consumption 

• 18 Pin Package 

• Pin Compatible with MT8870 



General Description 

The CS8870 Is a fully integrated Dual Tone Multi- 
frequency (DTMF) receiver for decoding tone pairs 
generated by a tone dialing telephone. The decoded 
signal is output as a four bit binary code. All of the 
functions needed to decode the 16 DTMF tone pairs are 
integrated In the CS8870 using CRYSTAL'S CMOS 
double-poly process, taking advantage of the low power 
and high performance offered by this technology. 



ORDERING INFORMATION 

CS8870-IP 18 Pin Plastic DIP 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Symbol 


Min 


Max 


Units 


DC Supply 


Vdd-V ss 


- 


6.0 


Volts 


Input Voltage 


Vin 


Vss-0.3 


Vdd+0.3 


Volts 


Input Current, Any Pin * 


lin 


- 


10 


mA 


Power Dissipation ** 


Pd 


- 


1000 


mW 


Ambient Operating Temperature 


Ta 


-40 


85 


°C 


Storage Temperature 


T"s1g 


-65 


150 


°C 



*Translent currents of up to 100mA will not cause latch-up. 
**Derate above 75X at 16 mWrC; all leads soldered to board. 

WARNING: Operating this device at or beyond these limits may result In permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Supply 


Vdd-V ss 


4.75 


5.0 


5.25 


Volts 


Ambient Operating Temperature 


Ta 





25 


70 


°C 


Crystal Frequency 


fc 


3.5759 


3.5795 


3.5831 


MHz 



Specifications are subject to change without notice. 
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ANALOG CHARACTERISTICS (Ta = 25''C; Vdd = 5V; Vss = OV; Ic = 3.579545MHz) 



Parameter 


Symbol 


Min 


Typ* 


Max 


Units 


Supply Current 


'dd 


- 


6.0 


10.0 


mA 


Power Consumption 




- 


30 


45 


mW 


Input Impedance, pins 1 & 2 

(note 12) 


f^lN 




10 


- 


Mohms 


Steering Threshold Voltage 


Vts, 


2.2 


- 


2.5 


V 


Signal Levels for Valid Input 
(each tone of composite signal) 

(notes 1,2, 3, 5, 6, 9) 




-29 
27.5 


- 


+1 
883 


dBm 
mVrms 


Twist 

(notes 2.3.6.9,13) 




- 


+ 10 


- 


dB 


Frequency Detect Bandwidth 

(notes 2,3,5,9) 




+1.5% 
+2Hz 


- 


+3.5% 




Third Tone Tolerance 

(notes 2,3,4,5,9,10) 




- 


-16 


- 


dB 


Noise Tolerance 

(notes 2,3,4,5,7,9,10) 




- 


-12 


- 


dB 


Dial Tone Tolerance 

(notes 2,3,4,5,8,9,10) 




- 


+ 22 


- 


dB 


Clock Output (OSC 2, pin 8) 
Capacitive Load 




- 


- 


30 


PF 


Vref Output Voltage 
No Load 


Vref 


2.4 


- 


2.8 


V 


Vref Output Resistance 


ROR 


- 


10 


- 


kohms 




Parameters measured using test circuit shown in Figure 4. 

*Typical figures for design only; not guaranteed and not subject to production testing. 

Notes: 1 . dBm referenced to power of 1 mW into 600Q load. 

2. Digit sequence consists of all 16 DTMF tones. 

3. Tone duration of 40ms, tone pause of 40ms. 

4. Nominal DTMF frequencies are used. 

5. Both tones of the composite signal have equal amplitudes. 

6. Tone pair Is deviated by ± 1 .5% ± 2Hz 

7. Bandwidth limited to 3kHz Gaussian noise. 

8. Precise dial tone frequencies of 350Hz ± 2% and 440Hz ± 2%. 

9. For error rate of better than 1 In 10,000. 

10. Referenced to lowest frequency component of DTMF signal. 

1 1 . Referenced to minimum valid accept level. 

12. Input frequency of 1kHz. 

13. Twist = high tone/low tone. 

dsTfi 
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ANALOG CHARACTERISTICS Gain Setting Amplifier 

(Ta = 25^C; Vdd = 5V; Vss = OV; voltages referenced to Vss) 


Parameter 


Symbol 


Min 


Typ* 


Max 


Units 


Input Leakage Current (note u) 


'in 


- 


100 




nA 


Input Resistance 


■^IN 


- 


10 


- 


Mohms 


Input Offset Voltage 


Vos 


- 


25 


- 


mV 


Common Mode Rejection (noteis) 


CMRR 


- 


60 


- 


dB 


Power Supply Rejection (notei6) 


PSRR 


- 


60 


- 


dB 


DC Open Loop Voltage Gain 


A VOL 




65 




dB 


Open Loop Unity Gain Bandwidth 


*G 


- 


1.5 


- 


MHz 


Output Voltage Swing (note 17) 


Vo 


- 


4.5 


- 


Vp-p 


Tolerable Capacitive Load, GS pin 


Cl 




100 


- 


PF 


Tolerable Resistive Load, GS pin 


Rl 


- 


50 


- 


kohms 


Common Mode Range (note 18) 


VCM 


- 


3.0 


- 


Vp-p 



^Typical figures for design only; not guaranteed and not subject to production testing. 

Notes: 14. Vss ^ Vin < Vdd 

15. -3.0V<ViN<+3.0V 

16. At 1kHz 

17. RL^IOOkfltoVss 

18. Unloaded 
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SWITCHING CHARACTERISTICS (Ta = 25^C; Vdd = 5V; Vss = OV; tc = 3.579545MHz) 


Parameter 


Symbol 


Min 


Typ* 


Max 


Units 


Tone Present Detection Time 


*DP 


5 


11 


14 


ms 


Tone Absent Detection Time 


toA 


0.5 


4 


8.5 


ms 


Tone Duration Accept* 


*REC 




- 


40 


ms 


Tone Duration Reject* 


^REC 


20 


- 


- 


ms 


Interdigit Pause Accept* 


t,D 


- 


- 


40 


ms 


Interdigit Pause Reject* 


too 


20 


- 


- 


ms 


Propagation Delay (St to Q) 

(note 19) 


tpQ 


- 


8 


11 


us 


Propagation Delay (St to StD) 

(note 19) 


*PStD 


- 


12 


- 


us 


Output Data Set Up (Q to StD) 

(note 19) 


toStD 


- 


3.4 


- 


us 


Propagation Delay ENABLE 
({£fi°°> DISABLE 


tpTE 
*PTD 


- 


50 
300 


- 


ns 
ns 


Clock Input Rise Time 


tlHCL 


- 


- 


110 


ns 


Clock Input Fall Time 


*HLCL 


- 


- 


110 


ns 


Clock Input Duty Cycle 


DCcL 


40 


50 


60 


% 



Parameters measured using test curcuit shown in Figure 4. 

*Typical figures for design only; not guaranteed and not subject to production testing. 

+User adjustable; see General Description on page 30. 

Notes: 19. TOE = Vdd 

20. RL=10k^.CL = 50pF 
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DIGITAL CHARACTERISTICS (Ta = 25*>C; Vdd = 5V; Vss - OV; vottages referencecl to Vss) 


Parameter 


Symbol 


MIn 


Typ* 


Max 


Units 


Digital Inputs "0" level 
"1" level 




3.5 




1.5 


V 


Digital Outputs "0" level 

(note 21) "1" level 


Vol 
VoH 


4.97 


- 


0.03 


V 


Output Low (Sink) Current 

(note 22) 


loL 


1 


2.5 


- 


mA 


Output High (Source) Current 

(note 23) 


loH 


0.4 


0.8 


- 


mA 


Input Leakage Current 

(note 24) 


' IH » ' IL 


- 


0.1 


- 


uA 


Pull Up Source Current 

(note 25) 


'so 


- 


7.5 


15 


uA 



*Typlcal figures for design only; not guaranteed and not subject to production testing. 



Notes: 21. No Load 

22. VoUT = 0.4V 

23. VouT = 4.6V 

24. ViN = Vss or Vdd 

25. TOE(pin10) = 0V 



ATTENUATION, dB 





PRECISE DIAL TONES 



PRECISE DTMF TONES 



E. 1209 Hz 
F- 1336 Hz 
G- 1477 Hz 
H « 1633 Hz 



Figure 1 - Filter Characteristics 
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TIMING DIAGRAM 



^REC- 



DTMF 
INPUT- 



ESt 



*DP — 



-^REC-^ 



TONE # n 



VTSt- 
St/GT_ 



y\. 



INTERDIGIT PAUSE 



TONE # n + 1 



^DO 



TONE 
#n + 1 






^DA 



DATA 

OUTPUTS DECODED TONE #n 

01 -04 



TStD 



StD 
OUTPUT_ 



TOE 



EXPLANATION OF EVENTS 

A. Short tone burst is detected, but duration is invalid. 

B. Tone # n is detected, and duration is valid. 
Decoded to outputs. 

C. End of tone # n detected and duration is valid. 
Outputs remain latched until next valid tone. 

D. Three state outputs are disabled (high impedance). 





DECODED TONE # n + 1 



^^PTE 



Tone # n + 1 is detected and validated. Decoded to 
outputs. 

Three state outputs are enabled. Momentary dropout of 
tone # n + 1 does not register at outputs. 
, End of tone # n + 1 detected and validated. 
Outputs remain latched until next valid tone. 



DEFINITION OF SYMBOLS 

ESt - EARLY STEERING OUTPUT - Indicates detection of valid DTMF signal. 

St/GT - STEERING INPUT/GUARD TIME OUTPUT - Drives external timing circuit. 

01 -04 - DATA OUTPUTS - Gives code corresponding to decoded tone pair. 

StD - DELAYED STEERING OUTPUT - Indicates that valid signals have been present (or absent) for the required time. 

TOE - TONE OUTPUT ENABLE (Input) - Holding TOE low causes 01 -04 to go to high impedance state. 



tpgQ - DTMF signal duration too short to be detected as valid, 
t p^Q - Minimium signal duration required for valid recognition. 
t|Q - Minimum acceptable time between valid signals. 
tpo" Maximum allowable dropout of DTMF signal, 
tpjp- Propagation Delay, Disable 
^j^- Propagation Delay, Enable 



pp - Time to detect presence of valid signal. 
Q^ - Time to detect absence of valid signal. 
Qjp - Tone Present Guard Time 



GTA 



- Tone Absent Guard Time. 



OStD" Ou^P"^ ^^^^ ^®*"P (Q ^° ^^1^) 
PStD " Propagation Delay (St to StD) 
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GENERAL DESCRIPTION 

The CS8870 is a complete Dual Tone Multifre- 
quency (DTNfF) receiver designed to detect all 
16 tone pairs and output a corresponding four bit 
binary code. This device provides all necessary 
filtering and requires a minimum of external 
components. Low power CMOS technology 
provides the highest performance for the lowest 
cost. 



Filter Section 

The CS8870's on chip filtering provides excel- 
lent signal-to-noise performance. The DTMF 
signal is separated into high and low groups 
using two six pole, bandpass switched capacitor 
filters. The bandpass filters are elliptical designs 
with notches placed at 350 Hz and 440 Hz for 
exceptional dial tone rejection. The output of 
each bandpass filter contains frequency com- 
ponents from only one DTMF tone group. The 
filter outputs are smoothed and then limited by 
high gain comparators, which have hysteresis to 
reduce sensitivity to unwanted low level signals, 
jitter, and noise. The comparators' outputs swing 
from rail to rail at the frequencies of the incom- 
ing tones. 



Decoder Section 

The decoder uses a digital detection algorithm to 
determine the frequencies of the two tones. The 
decoder measures the period of the square wave 
output of the comparators. The period measure- 
ment is averaged over a number of cycles and 
compared to a range of period measurements 
representing the four possible tones in either 
band. This averaging prevents DTMF simulation 
by extraneous signals such as voice, while allow- 
ing small frequency deviations in the signal. The 
averaging algorithm has been optimized to 
provide excellent immunity to "talk-off and 
tolerance to the presence of interfering frequen- 



cies (third tones) and noise. When both bands 
simultaneously decode a valid tone, the Early 
Steering (ESt) output goes high. Should the 
DTMF signal be lost, the ESt pin will go low. 



Steering Circuit 

The receiver verifies that the duration of a valid 
signal is sufficient before registering a decoded 
tone pair. Tone detection timing is controlled by 
an external resistor and capacitor (see Figure 2). 
After a valid tone is present for to? (Tone 
Present Detection Time), ESt goes high, and the 
capacitor discharges through resistor R. The 
voltage on the St/GT pin changes as a function 
of the RC time constant, providing the DTMF 
signal remains valid. When the capacitor voltage 
(and the voltage on St/GT) reaches the Steering 
Threshold Voltage, Vxst, the GT output drives 
the capacitor voltage to VDD. At this point, the 
four bit code corresponding to the DTMF signal 
is latched to the outputs. GT remains high as 
long as ESt remains high. After the output 
latches settle, the Delayed Steering Output, StD, 
goes high, indicating that a valid tone pair has 
been registered. The code is made available at 
outputs Ql - Q4 by pulling the three state control 
input, TOE, to a logic high. 

The steering circuit works in reverse to sense the 
interdigit pause between signals. When the 
DTMF signal is removed, the capacitor charges. 
When the Steering Threshold Voltage is 
reached, GT is pulled to Vss* This circuit also 



Vdd 



Vdd 

SVGT> 
EStl- 

stop- 

CS8870 



0±z 



tQ-i-;^ = RC 



Vc 



-O tGTp=: RC 






\ ^DD-^TSt 



Figure 2 - Basic Steering Circuit 
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enables the receiver to tolerate signal dropouts 
too short to be considered a valid pause. 



Guard Time Adjustment 

The external timing circuitry shown in Figures 2 
and 3, enables the user to adjust the timing to 
meet specific needs. The following formulas, 
along with the formulas given in Figure 2, are 
used to determine the resistor and capacitor 
values. 

tREC = tDP + tGTP 
tiD = tDA + tGTA 



a) Decreasing Tone Present Guard Time, tQTP (teip < teiA) 
VddO 



st/Gin- 



Ri< 



teTA=RlCln(VDD.\ 
-Q WTSt ' 



tGTP = RpC 



VDD-VTSt ' 



>R2 



ESCh 



Rp= R1R2 
R1+R2 



b) Decreasing Tone Absent Guard Time, ttiTA (tGip > t^TA) 
VddD 



St/GTO- 



Ri. 



tGTA=RpCln(VDD\ 
-Q Vrst ' 



>R2 



ESCh 



Rp= R1R2 

Rl[+R2 



tREC is the minimum signal duration accepted by 
the receiver. tDP is the Tone Present Detection 
Time (the time a valid tone must be present 
before ESt goes high). tiD is the Interdigit Pause 
Time. toA is the Tone Absent Detection Time. 
Values for toP and tDA are given in the Switch- 
ing Characteristics Table. Using the configura- 
tion shown in Figure 2, and the recommended 
capacitor value of 0.1 joF, a tREC of 40ms is 
achieved by using a 300kQ resistor. 

Different circuit configurations may be used to 
independently select Tone Present Guard Time, 
tGTP, and Tone Absent Guard Time, tGTA, dura- 
tions. Using the equations and circuits shown in 
Figure 3, the designer can meet system specifica- 
tions which place limits on accept and reject 
times for tone and pause durations, and tailor 
system parameters such as "talk-off" and noise 
immunity. For example, increasing recognition 
time improves talk-off performance (speech im- 
munity) since it reduces the probability that 
tones simulated by speech remain valid long 
enough to register. 



Figure 3 - Steering Circuits for 
Guard Time Adjustment 



Input Configuration 

Input signals to the CS8870 pass through an on- 
chip operational amplifier. A voltage reference, 
VREF, is provided to bias the input near mid- 
supply. Figure 4 shows a single ended input con- 
figuration with the inputs biased at VREF, and 
for unity gain. A differential input configuration 
is shown in Figure 5. The feedback resistor, R5, 
connected to the op-amp output, GS, can be used 
to control the gain. 



All capacitors are ± 5% tolerance. 
All resistors are ± 1% tolerance. 



INPUT ,,100kn. 

signalOH V^^-^ hU 

lOOnF La/vn. — T 

lOOkffLr 



3.579545 MHz 




Figure 4 - Single Ended Input Configuration 
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Ci Ri 




Ci = C2=0.01^iF 
Rl=:R4=R5 = 100kQ 
R2 = 60k^ 
R3 = 37.5ka 



R3 = 



R2R5 
R2 + R5 



Voltage Gain (Av diff ) = -^ 
Input Impedance (Zin diff) :=2' 



VmS) 



©C' 



Flow 


''high 


KEY 


TOE 


Q4 


Q3 


Q2 


Q1 


697 


1209 


1 


H 













697 


1336 


2 


H 








1 




697 


1477 


3 


H 








1 




770 


1209 


4 


H 





1 








770 


1336 


5 


H 





1 







770 


1477 


6 


H 





1 


1 





852 


1209 


7 


H 





1 


1 




852 


1336 


8 


H 













852 


1477 


9 


H 












941 


1336 





H 







1 





941 


1209 


* 


H 







1 




941 


1477 


# 


H 




1 








697 


1633 


A 


H 




1 







770 


1633 


B 


H 




1 


1 





852 


1633 


C 


H 




1 


1 




941 


1633 


D 


H 














- 


- 


ANY 


L 


z 


z 


z 


z 




L- LOGIC LOW H- LOGIC HIGH 
Z- HIGH IMPEDANCE 



Figure 5 - Differential Input Configuration 



Table 1 - Functional Decoding 



Crystal Oscillator 

An external 3.579545 MHz (TV colorburst) 
crystal must be connected across pins OSCl and 
OSC2 to complete the internal clock circuit. Up 
to ten CS8870S may be driven by one crystal by 
connecting the oscillator output, OSC2, with the 
oscillator input, OSCl, of another device 
through a 30pf capacitor. Refer to Figure 6. 

Logic high on TOE enables the data output pins 
to output code for the last valid DTMF signal 
received. Ql is the LSB. These outputs go to a 
high impedance state when TOE is low. See the 
Functional Decode table, Table 1. 





30pF TO OSCl OF 
1 1 JiEXT 8870 


0SC1 

OSC2 
CS8870 


3.58MH2 

til 




OSC2 
OSCl 
CSSSTO 








• II 
30pF 







Figure 6 - Oscillator Interconnection 



POSITIVE 
PWR SUPPLY- 



Connect capacitor 
as close to the device 0.1 to _ 
as possible ^-^^ "^ - 

(CERAMIC) 

PWR SUPPLY 

GROUND — 



VDD 
CS8870 
VSS 



Figure 7. Power Supply Decoupling 
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NON-INVERTING INPUT 

INVERTING INPUT 

GAIN SELECT 

VOLTAGE REFERENCE 

INTERNAL CONNECTIONS 

OSCILLATOR INPUT 

OSCILLATOR OUTPUT 

NEGATIVE POWER SUPPLY 



Power Supplies 



IN+ di« 

IN- [2 

OS [3 

VREF [4 

10* [5 

10* [6 

0SC1 C7 

0SC2 [8 

VSS [9 




*Connect toVss 



POSITIVE POWER SUPPLY 

STEERING INPUT/GUARD TIME OUTPUT 

EARLY STEERING INPUT 

DELAYED STEERING OUTPUT 

DATA OUTPUT 

DATA OUTPUT 

DATA OUTPUT 

DATA OUTPUT 

THREE STATE OUTPUT ENABLE 



VDD - Positive Power Supply Input, PIN 18. 

Normally connected to +5 volts. A 0.01^ to 0,l\xF ceramic capacitor should be connected as 
close to the device as possible across Vdd and Vss* (See Figure 7). 

VSS - Negative Povj^er Supply Input, PIN 9. 

Normally connected to volts. 




Oscillator 

OSCl; 0SC2 - Oscillator Input, PIN 7; Oscillator Output, PIN 8. 

A 3.579545 MHz crystal connected across these pins completes the internal clock circuit. 



Inputs 

St/GT - Steering Input/Guard Time Output, PIN 17. 

When the voltage on this pin rises past the Steering Threshold Voltage, Vxst, the device 
registers the detected tone pair, updates the output latch, and drives this pin to a logic high. 
When the voltage on this pin falls below Vxst, this pin goes to a logic low, freeing the device to 
accept a new tone pair. The Guard Time Output's function is to reset the external steering time 
constant. The state of GT is a function of ESt and St. 

IN+ - Non-Inverting Input, PIN 1. 

Non-inverting input to the front end operational amplifier. 

IN- - Inverting Input, PIN 2. 

Inverting input to the front end operational amplifier. 
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TOE - Three State Output Enable, PIN 10. 

Logic high on this pin enables outputs Ql - Q4. Internal pull up. 



Outputs 

GS- Gain Select, PIN 3. 

Connected to the output of the front end operational amplifier. Gain applied to the input can be 
controlled by a feedback resistor at this pin. 

VREF - Voltage Reference, PIN 4. 

Voltage on this pin is nominally 2.5 VDC independent of power supply, and may be used to 
bias inputs at mid supply. 

Ql, Q2, Q3, Q4 - Data Outputs, PINS 11, 12, 13, 14. 

Logic high on TOE enables pins to output code for last valid DTMF signal received. Ql is the 
LSB. These outputs go to a high impedance state when TOE is low. See Functional Decode 
Table. 

StD - Delayed Steering Output, PIN 15. 

Outputs a logic high when voltage on St/GT exceeds VtSi and the output latch has been up- 
dated with code from the received tone pair. StD goes to a logic low when voltage on St/GT 
falls below VjSt. 

ESt - Early Steering Output, PIN 16. 

Goes to a logic high whenever the detection algorithm detects a valid tone pair. Any loss of a 
valid DTMF signal causes the output to go to a logic low 

IC, IC - Internal Connection, PINS 5, 6. 

Both pins must be tied to Vss. 
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INTRODUCTION 

Crystal's optical interface devices dramatically cut the cost of implementing low-to-meduim speed 
optical links. The CSS 123/4 Optimodems use just one optical cable to implement full duplex host-to- 
terminal, ISDN and TEMPEST links, slashing the cost of optical components in half. The CSS 125/6 
support Tl links at a fraction of the cost of optical hybrids. All of Crystal's optical interface devices 
include clock recovery, line code encoder/decoders, diagnostic fetaures and adjustable transmit power 
levels. 

USER'S GUIDE 



Device: 


CS8123 
Optimodem 


CS8124 
Optimodem 


CS8125 
Tl Transmitter 


CSS 126 
Tl Receiver 


Maximum Data Rate 
Synchronous 
Asynchronous 
Maximum Range 
Number of Cables for 
Full Duplex Link 
Package 


38.4 kHz 
2km 

1 
16 pin DIP 


256 kbps 

38.4 kHz 

2km 

1 
24 pin 0.3" DIP 


1.544 MHz 

7km 

2 
16 pin DIP 


1.544 MHz 

7km 

2 
16 pin DIP 



CONTENTS 



CS8123/4 OptiModem 

CS8125/6 Fiber Optic Tl Receiver and Transmitter 
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Features 

• Time Compression Multiplexing for 
full-duplex communication over a 
single optical fiber. 

• Synchronous operation from 
2.4 kbps to 256 kbps. 

• Asynchronous operation from 
DC to 38.4 kbps. 

•10-Q BERupto2km. 

• System diagnostic capabilities. 

• Four optional secondary control 
channels provide independent 
end-to-end transmission links. 

• Independent transmit and receive clocks. 

• Self-calibrating noise-bandwidth 
limiting. 



General Description 



The CS81 23 and CS81 24 from Crystal Semiconductor 
Corporation are SI\/IART Analog^" full-duplex 
modem devices that receive and transmit serial binary 
data over a single fiber-optic cable. Both devices 
provide the filtering, encoding, decoding and data 
buffering to Implement a "ping-pong" communication 
channel. 

The 16-pin CS8123 device sup^rts asynchronous 
communication control lines RlS & CTS. The 24-pin 
CS8124 device supports asynchro nous and s ynch ronous 
c ommu nications with control lines CTS, RTS, DTR 
& DSR. These lines can be used for RS-232C 
compatible modem control, or end-to-end 
transmission channels. 

SMART Analog and OPTIMODEM are trademarks of 
Crystal Semiconductor Corporation. 

ORDERING INFORMATION 

CS8123-IP - 16 Pin Plastic DIP 

CS8124-IP - 24 Pin Plastic DIP (Skinny 0.3" wide) 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Min 


Max 


Units 


DC Supply 


V+ - GND 


- 0.3 


6.0 


V 


Input Voltage 


Vin 


GND - 0.3 


V+ + 0.3 


V 


Input Current (Notei) 

(Any pin except LDP. LDN, VA+, VD+ & GND) 


lin 


■ 


10 


mA 


Ambient Operating Temperature 


Ta 


-40 


85 


"C 


Storage Temperature 


Tstg 


-65 


150 


°C 


Power Dissipation 


Pd 


- 


500 


mW 



WARNING: Operating this device at or beyond these limits may result in permanent damage to the device. 

Normal operation of the part is not guaranteed at or beyond these extremes. 
Note: 1 . Transient currents of up to 1 00 mA will not cause SCR latch-up. 



RECOMMENDED OPERATING CONDITIONS 








Parameter 


Symbol 


Min 


Typ 


l^ax 


Units 


DC Supply 


V+ 


4.75 


5.0 


5.25 


V 


Ambient Operating Temperature 


\ 


-40 


25 


85 


°c 


LED Drive Current (Note 2) 


'ldc 


8.5 


100 


115 


mA 



Note: 2. LED drive current can be reduced by connecting an external resistor to the Transmit Current Level, 
TCL, pin. Minimum drive current is achieved by grounding TCL pin. 



DIGITAL CHARACTERISTICS (Ta = -40 ^c to 85 -C; v+ = 5V ± 5%, gnd = ov) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


High-Level Input Voltage (^ote 3) 


V,H 


2.0 


- 


- 


V 


Low-Level Input Voltage Pins 

(Note 3) 


V,L 


- 


- 


0.8 


V 


High-Level Output Voltage 

loUT =-40uA (Notes 4.5) 


Vqh 


2.4 


- 


- 


V 


Low-Level Output Voltage 

loUT = 1.6 mA (Notes 4.5) 


Vol 


- 




0.4 


V 


Input Leakage Current 


1. 

in 


- 


±10.0 


- 


uA 


Three-State Leakage Currents 


'oz 


- 


- 


±10 


uA 


Notes: 3. Input pins are: DR 1/2/3. DG 1/2/3, RS2, CKC, DTR, RTS, TxD, TxC. 

4. Output pins are: DSR, CTS, DCD, RxD. RxC, TxC. 

5. Output drivers will output CMOS logic levels into a CMOS load. 
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OPERATING CHARACTERISTICS (Ta = -40 °c to 85 X; v+ = 5V±5%;GND = ov) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Power Dissipation, 

normal operation (Note 6) 


'^DNO 


100 


250 


300 


mW 


Power Dissipation, 

continuous transmission (Note 6) 


PpCT 


150 


375 


450 


mW 


Power Dissipation, 

continuous reception (Note 6) 


^DCR 


100 


125 


150 


mW 


Power Dissipation, IC only, 
normal operation 


Pd 


100 


200 


250 


mW 



Note: 6. Total power dissipated by IC and LED, 
SWITCHING CHARACTERISTICS 


LED as specified in Table A2. 

(Ta = -40 °C to 85 X; V+ = 5V ± 5%; GNC 


> = 0V) 




Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Crystal Frequency 


fc 


" 


9.216 


12.4 


MHz 


TxC & RxC Frequency: Synchronous 
Transmit or Receive Only 


fckc 
^ckc 


2.4 


fc/8 


256 


kHz 
kHz 


RxD & TxD Data Rate: Synchronous 
Asynchronous 




2.4 
dc 


- 


256 
38.4 


kHz 
kHz 


RxC & TxC Duty Cycle (Note 7. s) 




- 


50 


- 


% 


Rise Time, All Digital Outputs (Note 9) 


tr 


- 


- 


100 


ns 


Fall Time, All Digital Outputs (Note 9) 


tf 


- 


- 


100 


ns 


TxD to TxC Rising Setup Time (Note s) 


^su 


25 


- 


- 


ns 


TxC Falling to TxD Hold Time (Notes) 


th 


25 


- 


- 


ns 


RxD to RxC Rising Setup Time (Notes) 


tsu 


- 


2L-'°° 


- 


ns 


RxC Rising to RxD Hold Time (Notes) 


^h 


- 


^L-'°° 


- 


ns 


Frequency Deviation at TxC Input 
from Selected Rate (Note s. io) 




- 





500 


ppm 



Notes: 7. Duty cycle is (tpwh/(tpwh + tpwi)) ♦ 1 00%. 

8. CS8124 in synchronous operation (not all DR1/2/3 low). 

9. At maximum load of 1 .6 mA and 50 pF. 

10. In Synchronous mode, data rate selected by DR1/2/3. 
In Transmit only mode, selected rate is fc/S. 
Crystal frequency must be within ± 50 ppm of specified frequency. 
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Any Digital Output /"^ 9°% 90% 4 

7KlO% 10%X 
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Figure 1 - Digital Output Rise and Fall Characteristics 



Figure 2 - Clock Signal Timing 
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Figure 3 - Switching Characteristics 
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CIRCUIT DESCRIPTION 



Transmit Section 



The CSS 123/4 OPTIMODEMs receive and trans- 
mit serial binary data over a single fiber-optic 
cable. The modems provide the filtering, 
encoding, decoding and data buffering to 
implement a Time Compression Multiplexed 
"ping-pong" channel. Both modems support 
full-duplex asynchronous operation up to 38.4 
kbps. The CS8124 also supports full-duplex 
synchronous communication at 2.4, 9.6, 19.2, 
64, 144, 192 and 256 kbps. 



The KTSy UTS, DSR and DTR pins can be 
selectively used in one of two modes: as end- 
to-end communication channels, or as 
conventional modem control lines used in 
handshakes with the OPTIMODEMs (DCE). The 
desired mode is selected through the RS2 pin. 
Both modems provide extensive diagnostic 
and maintenance capabilities. 

Efficient 3B4B line encoding is employed to 
ensure accurate transmission of data regardless 
of ones density. The 3B4B line code technique 
generates a four-bit binary code which 
corresponds to three binary input bits. This DC 
balanced code provides sufficient ones density 
to satisfy the requirements of the receiver's 
phase-lock loop while optimizing transmission 
bandwidth and reducing noise. At the receive 
end, the four-bit code is converted back to the 
original three bits before being output on RxD. 

The CSS 123/4 minimizes the number of exter- 
nal components required, using just one LED 
to both send and receive data on a single fiber. 
The CSS 123/4 can support cables up to 2000 
meters as discussed in the section on LED 
requirements in the Applications section which 
appends this data sheet. Total transmission 
delay through two OPTIMODEMs and 2 km of 
cable will be a maximum of 100 |is. 



In the asynchronous mode, the TxC clock is 
not used and the CSS 123/4 accepts data 
asynchronously on the TxD input pin. The 
TxD input is oversampled by at least 7.5 
times, to create a 2SS kbps data stream which 
is stored in the Transmit FIFO. 

In the synchronous mode, the CSS 124 accepts 
data on the TxD input pin using the TxC 
clock. This data is then stored as a succession 
of digital words in the Transmit FIFO. The 
Clock Control (CKC) input is used to select 
either an internally generated TxC clock or an 
externally provided TxC clock. 

Clocks 

The CSS 123 operates asynchronously. The 
CSS 124 may be operated in either the 
synchronous or asynchronous mode. The 
CSS 124 provides three clock options. The 
OPTlMODEM's frequency reference is provided 
by connecting a crystal between the XTL pin 
and ground. Alternatively, the XTL pin may be 
overdriven by an external clock. 

1) Asynchronous operation: DRl/2/3 = low. 
RxC and TxC pins of CSS 124 are held in a 
high impedance state. 

2) Synchronous with externally provided 
transmit clock: Not all DR 1/2/3 = low; CKC = 
high. An externally generated clock must be 
input to the TxC pin at the rate selected by 
DRl/2/3. 

3) Synchronous with internally provided trans- 
mit clock: Not all of DRl/2/3 = low; CKC = 
low. The CSS124 generates the transmit clock 
and outputs it at the TxC pin. 

In the synchronous mode, the two TxC clocks 
at either end of the link are allowed to deviate 
from each other by several hundred ppm. Also, 
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an externally provided TxC clock can deviate 
from the rate selected on DR/ 1/2/3 by several 
hundred ppm. TxC clocks can be simul- 
taneously externally provided at both ends of 
the link. 

Receive Section 

The LED detects the data burst from the 
far-end modem, A digital phase-lock loop 
performs the timing recovery to maintain 
synchronization between the master and slave 
OPTlMODEMs. The recovered signal is decoded 
and then stored in the Receive FIFO. 



near-end and far-end modems and that data 
transmission can occur. 

Diagnostic Features 

The CSS 123/4 provides several capabilities to 
facilitate fault isolation and system perfor- 
mance verification. These diagnostic features 
are selected using the DGl, DG2, and DG3 
pins. Table 1 shows the various diagnostic 
modes and the corresponding setting for 
DGl/2/3. 

Forced'Slave Modes 



In the asynchronous mode, the recovered data 
is output on RxD. In the synchronous mode, 
bit stuffing is used to synchronize the transmit 
and receive data rates. The data has any 
stuffed bits removed during its transfer to the 
Receive FIFO. The Receive FIFO provides the 
output to the RxD pin using the RxC clock. 

Digital Carrier Detect 

A logi cal zero on the Digital Carrier Detect, 
(DCD), output indicates that ping-pong 
synchronization has occurred between the 



An innovative diagnostic capability allows the 
user to change the synchronization algorithm. 
In normal operation, both OPTlMODEMs in a 
link start the synchronization process as peers. 
As synchronization start-up proceeds, either 
one can assume the role of "master" or "slave". 
This allows the user to configure the diagnos- 
tic mode pins of both OPTlMODEMs on the 
same link in an identical manner. Using the 
diagnostic input pins it is possible to force the 
near-end OPTIMODEM to assume the slave 
mode, eliminating any synchronization start- 
up ambiguity, and guaranteeing a minimum 



DGl 


DG2 


DG3 


Diagnostic Mode 











Normal Full-Duplex Operation 








1 


Local Loopback 





1 





Remote Loopback 





1 


1 


Remote Loopback with 
Forced-Slave Mode 


1 








Reset 


1 





1 


Continuous Receive 


1 


1 





Continuous Transmit 


1 


1 


1 


Full-Duplex Operation with 
Forced-Slave Mode 



Table 1. - Diagnostic Mode Selection 
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start up time. However, the user must now 
insure that only one of the two OPTIMODEMs is 
in this mode. 

Loopbacks 

Two loopback modes are provided on the 
CS8123/4: local and remote loopbacks. 
Loopbacks are supported in both asynchronous 
or synchronous modes, with either internal or 
external TxC clock. In local loopback mode, 
the transmit data and clock (if applicable) 
inputs are looped back internal to the near-end 
CSS 123/4 and output on the receive data and 
clock outputs. This allows the near-end user to 
verify performance up to, but not including, 
the near-end LED and LED interface circuit. 
Data is still transmitted to the far-end 
OPTIMODEM. Inputs to the near-end receiver 
from the LED are ignored and DCD is high. 
Local loopback takes precedence over remote 
loopback. 

When remote loopback is selected on the 
near-end CSS 123/4, the near-end OPTIMODEM 
directs the far-end OPTIMODEM to loop back 
its received data. This allows the user to verify 
performance of the complete near-end 
CSS 123/4, the fiber, the LEDs and most of the 
far-end CSS 123/4. The far-end OPTIMODEM 
also outputs received data and clock (when 
applicable) at RxD and RxC. When remote 
loopback is selected and synchronization is 
achieved, DCD goes low on the near-end 
OPTIMODEM. When remote loopback is in 
effect, the far-end OPTIMODEM ignores inputs 
on TxC and TxD and brings DCD high. 

Continuous Transmit and Receive Modes 

To further aid in system diagnostics, the 
CSS 123/4 has two special operating modes: 
continuous transmit and continuous receive. In 
continuous transmit mode, the near-end 
CSS 123/4 sends the encoded version of the 
data input on TxD. TxD must be clocked into 



the part at a rate of one-eighth the crystal 
frequency. As in normal operation, TxC can be 
either an input or an output. The 3B4B coding 
is still employed so the actual transmission 
rate is one-sixth the crystal frequency. If TxC 
is externally generated, its frequency can 
differ from the nominal frequency by several 
hundred ppm. 

When continuous transmit is selected, the 
receiver is inoperative, no ping-pongs take 
place and DCD stays high. Measurements can 
then be made at the output of the near-end 
LED and at the far-end output of the fiber 
cable to isolate LED and/or cable failures. 

In continuous receive mode, the receiver 
continually receives data and outputs the data 
and clock on the receive outputs, RxD and 
RxC. This allows performance of the LED as a 
receiver to be verified. DCD is held low in the 
continuous receive mode once synchronization 
is achieved. The transmitter is inactive in this 
mode. 

Transmit Current Adjustment 

The transmit current level is typically 100 mA 
when TCL is left unconnected. The current 
level may be adjusted by tying the TCL pin to 
ground through a resistor as shown in Figure 
4. lying TCL directly to ground selects the 
minimum drive current of 10 mA. The output 
drive current corresponding to a given resistor 
can be calculated using the following 
Equation: 

/ 1 1 1 + R TCL \ . 

'drive- ^^{ ,,,, p )"^^ 

V 1111 + R jQL ' 

Equation 1. 
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Figure 4 - Resistor to Set the Transmit Current Level 
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DIAGNOSTIC 2 DG2 [5 12 ] LDN 

DIAGNOSTIC 3 DG3 [6 11] GND 

CLEAR TO SEND CITS [7 10]TxD 

DIGITAL CARRIER DETECT DCD [8 9 ] RS2 
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CLOCK CONTROL 

CRYSTAL OSCILLATOR 

DIAGNOSTIC 2 

DIAGNOSTIC 3 

DATA TERMINAL READY 

CLEAR TO SEND 

DATA SET READY 

DIGITAL CARRIER DETECT 



RxD[ 

RTS 

RxC 

DG1 

CKC 



[2 23] 



[3 
[4 
[5 



DG2 
DG3 
DTP 
GTS 
DSR 
DCD 



1* 



22 
21 
20 



24p TxC 

DR3 

]TCL 

] VD+ 

]VA+ 

XTLpe 19p LDP 

LDN 

GND 

TxD 

DR2 

14n RS2 

13]DR1 



[7 18] 

[8 17] 

d9 16] 

10 15p 

11 

12 



TRANSMIT CURRENT LEVEL 
DIGITAL POWER SUPPLY 
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LED POSITIVE I/O 
LED NEGATIVE I/O 
GROUND 
TRANSMIT DATA 
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PIN DESCRIPTIONS 



Power Supplies 

VA+ - Analog Power Supply, PIN 20 on CS8124; PIN 14 on CS8123. 

Typically +5 volts. 

VD+ - Digital Power Supply, PIN 21 on CS8124; PIN 15 on CS8123. 

Typically +5 volts. 

GND - Ground, PIN 17 on CS8124; PIN 11 on CS8123. 

Ground reference. 



Oscillator 

XTL - Crystal Oscillator, PIN 6 on CS8124; PIN 4 on CS8123. 

Crystal or external clock input. There is no need for the crystal to use external capacitors or 
biasing resistors. The crystal, if used, should have one pin connected to XTL with minimal 
length trace on the printed circuit board; the other pin of the crystal should be tied to ground. 
Standard operation requires a 9.216 MHz (± 50 ppm) crystal or clock. Other frequencies may be 
used to adjust the OPTIMODEM throughput and data rates up to a maximum of 12.3 MHz. 



Inputs 

TxD - Transmit Data, PIN 16 on CS8124; PIN 10 on CS8123. 

Data to be transmitted. In the asynchronous mode, the rate of the data can be from DC to 38.4 
kbps. In the synchronous mode, data is clocked into the CSS 124 on the rising edge of TxC. 

TxC - Transmit Clock (CS8124 Only), PIN 24. 

When CKC is low, TxC will output a clock at the rate selected by DR1/DR2/DR3. When CKC 
is high, TxC accepts input clock from an external source. TxC goes into a high impedance state 
when asynchronous operation is selected. For synchronous operation TxD is sampled on the 
rising edge of TxC. 

CKC - Clock Control (CS8124 Only), PIN 5. 

Defines the source of the clock signal on TxC for synchronous operation. A high on CKC 
indicates that external clock is being input on TxC. A low on CKC indicates the the CSS 124 is 
sending out TxC at one of the rates selected on the DR1/DR2/DR3 data rate selection inputs. If 
CKC is left unconnected (floating), CKC pulls low, selecting the internal clock. 
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DRl; DR2; DR3 ■ Data Rate 1; 2; 3 (CS8124 Only), PINS 13, 15, 23. 

Select a data rate for the TxC and RxC pins as shown in Table 2. If these pins are left 
unconnected (floating), the CS8124 defaults to asynchronous operation. 



DR1 


DR2 


DR3 


Data Rate (kbps) 

with 9.216 MHz crystal 











Async : dc to 38.4 








1 


2.4 





1 





9.6 





1 


1 


19.2 


1 








64 


1 





1 


144 


1 


1 





192 


1 


1 


1 


256 



Note that a 56 kbps link can be implemented by using a 8.064MHz 
crystal and the 64 kbps data rate selection. 

Table 2 - Data Rate Selection 



DGl; DG2; DG3 - Diagnostic 1; 2; 3, PINS 4, 7, 8 on CS8124; PINS 3, 5, 6 on CS8123. 

Select a diagnostic mode as shown in Table 1 in the Circuit Description section. If these pins 
are left unconnected, (floating), the OPTIMODEM assumes the mode for Normal Operation. 

RS2 . RS.232C Control Mode Select, PIN 14 on CS8124; PIN 9 on CS8123. 

Selects whether the CTS, RTS, DSR and DTR are used in an end-to-end mode, or modem 
control handshake mode. When RS2 is low, the end-to-end mode is in effect as shown in 
Figure 5. If RS2 is left unconnected, (floating), the end-to-end mode is in effect. 







RTS 








CTS 








CTS 




RTS 






DTR 




Fiber Link 


. 


DSR 








DSR 




DTR 



















DTE 



OPTIMODEM 



OPTIMODEM 



DCE 



Figure 5. - End-to-End (Transparent) Mode 
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When RS2 is high, the modem control mode, as shown in Table 3, is in effect: 



OPTIMODEM (DCE) 


DTE 


1 . Modem powers up, then asserts DSR. 

2. Recognizes DTP and begins 
ping-pong synchronization. 

3. When Synchronization is achieved, 
asserts DCD.* 

4. Recognizes RTS, then asserts CTS.** 


1 . DTE initializes, then asserts bTR. 

2. Recognizes DSR and waits for DCD. 

3. Recognizes DCD, then asserts RTS. 

4. Recognizes CTS, then starts communication 
with far end. 



* If sync hronization is lost, mode m take s DCD and CTS high. 
If RTS goes high, modem takes CTS high. 

Table 3. - Modem Control Mode 



DTE - Data Terminal Ready (CS8124 Only), PIN 9. 

In the end- to-end mode, data input on DTR is transmitted over the link and presented at the far 
end as the DSR output. In the modem control mode, a logical low indicates that the DTE is 
powered up and initialized. 

RTS - Request To Send , PIN 2 on CS8124 and CS8123. 

In the end-t o-end mode, the RTS input is transmitted over the link and presented at the far end 
as the CTS output. In the modem control mode, a logical low indicates that the DTE is ready to 
conmiunicate to the far end. 




TCL - Transmit Current Level, PIN 22 on CS8124; PIN 16 on CS8123. 

Defines the current driven into LDP/LDN. When left unconnected, the current level is typically 
100mA. When tied to ground, output current level is at a minimum of about 10 mA. Current can 
be set at an intermediate level, (as shown in Figure 4 in the Circuit Description section), by 
tying this pin to ground through a resistor. 



Outputs 

DCD . Digital Carrier Detect, PIN 12 on CS8124; PIN 8 on CS8123. 

A low level indicates that synchronization has occurred between the far-end and near-end 
modems, and that end-to-end transmissions can occur on the DTR/DSR, CTS/RTS and 
TxD/RxD channels. DCD is high on the OPTIMODEM for which local loopback has been 
selected, and during a remote loopback selected by the far-end terminal. DCD is low when 
continuous receive is selected or when a remote loopback selected by the near-end modem and 
synchronization is achieved. DCD is high when continuous transmit has been selected. 
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CTS . Clear To Send, PIN 10 on CS8124; PIN 7 on CS8123. 

In the end-to-end mode, CTS shows the state of the far-end RTS input. Each CTS/RTS pair can 
be used as a half duplex, 1.2 kbps data channel. The channel is always asynchronous for both 
the CSS 123 and the CS8124, being oversampled at a rate of approximately 12 kHz. 

In the modem control mode (RS2 = high), a logical low indicates that the DTE can begin 
transmission over the TxD and RxD pins. 



DSR - Data Set Ready (CS8124 Only), PIN 11. 

In the end-to-end mode, DSR outputs the data input on the far end DTR pin. Each DSR/DTR 
pair can be used as a half duplex, 1.2 kbps data channel. The channel is always asynchronous 
for both the CS8123 and the CS8124, being oversampled at a rate of approximately 12 kHz. 

In the modem control mode (RS2 = high), a logical low indicates that the OFITMODEM is 
powered up. 

RxD - Received Data, PIN 1 on CS8124 and CS8123. 

The data can be read asynchronously (in that mode) or is valid on the rising edge of RxC (in the 
synchronous mode). 

RxC - Received Clock (CS8124 only), PIN 3. 

In the synchronous mode, RxD is valid and stable on the rising edge of RxC. RxC goes into a 
high impedance state when asynchronous operation is selected. 



InputslOutputs 

LDP; LDN - LED Positive I/O; LED Negative I/O, PIN 19 & 18 on CS8124; PINS 13 & 12 on 
CS8123. 

These bidirectional pins connect directly to the LED, and alternately drive and receive from the 
LED. LDP connects to the LED anode and LDN connects to the LED cathode. It is absolutely 
critical that LED be connected to LDP and LDN with the shortest possible traces on the printed 
circuit board. 



5-14 DS17PP1 



CS8123/4 



APPLICATION NOTES 

The OPTIMODEMs at opposite ends of the link 
must be within 50 °C of each other to insure 
operation of the link. This requirement results 
from the fact the LED emission spectrum shifts 
with temperature, as does the responsivity peak. 
To insure sufficient overlap of emission and 
responsivity bands the two ends must be within 
50 ''C of each other. 

LED Requirements 

Table Al shows the distance ranges that should 
be realized with LEDs from various vendors, on 
a variety of fiber optic cable types. Some 



Cable 
Type 


DISTANCE 


Cable ends at the 
same temperature 


Gable ends different 
by 50 deg. C. 


200 PCS 


2000 


1000 


100/1 40 urn 


2000 


1000 


85/125 urn 


1400 


700 


62.5/125 urn 


1000 


500 


50/1 25 urn 


100 


50 


1000 urn Plastic 


12 


6 



Specifications for the various cable types are 
given in Table A3. These calculations are based 
upon data gathered during a characterization 
activity performed by Crystal Semiconductor. 

The target LED specifications are given in Table 
A2, and some suggested LEDs are listed below 
table Al. 

Power Supply Decoupling 

V+A, V+D and GND should be decoupled using 
the circuit shown in Figure Al. The 68 pF 
capacitor is required to filter the power supply, 
and prevent power supply ripple. Ripple can 
occur at the power supply pins of the device as a 
result of the different current demands when the 
OFITMODEM is transmitting or receiving. 




68 ^iF 




Figure Al - Power Supply Decoupling 



Table Al - Cable Lengths Supported (meters) 



Vendor 


Part Number 


Honeywell 


HFE4000-904 


Hewlett Packard 


HFBR1405 



Approved LED Vendors 



The requirement for the 68 |iF capacitor can be 
reduced if a solid, well filtered power supply is 
used and good power and ground planes are 
utilized on the circuit board. The greater the 
resistance of the power and ground traces on the 
PC board, the greater the need for a large power 
supply filter capacitor, placed in close proximity 
to the OPTIMODEM. 

Because of the sensitivity of the analog circuitry 
to power supply noise, evaluation of the 
OFITMODEM using wire-wrapped boards is not 
recommended. 



DS17PP1.1 
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RECOMMENDED LED SPECIFICATIONS (Ta = 25°C. V+ = 5V ± 5%, GND = OV) 


Parameter 


Symbol 


Min 


Max 


Units 


Conditions 


Forward Voltage 


Vf 


1.4 


2.2 


V 


1 -100mA 


Breakdown Voltage 


Vbr 


-1.8 


- 


V 


Ip-IOOuA 


Series Resistance 


•"s 


- 


10 


Ohms 


dc 


Diode Capacitance (Note ai ) 


Cr 


- 


150 


PF 


Vr-OV 
f « 1 MHz 


Fiber Coupled Power 


f^oc 


40 


- 


uW 


lp-50mA 
1 00 um Graded 
NA - 0.29 


l^c Temperature Coefficent(NoteA2) 


APoo/AT 


-0.025 


- 


dB/°C 


Response Time 


tr.t, 


- 


10 


ns 


10-90% 
lp=100mA 

No Pre-Blas 


Responsivity 


Ro 


0.025 


- 


A/W 


v^.ov 


Rq Temperature Coeff .(Notes a2 & A3) 


AR /AT 




-0.3 




mA/W°C 


Vp.OV 


Leakage Current 


Id 


- 


1.0 


uA 


Vp.OV 



Table A2. - LED Specifications 



Notes: A1. a<25%. 

A2. Industrial Temperature Range (-40X to 85**C). 
A3. Includes Spectral Variance. 



Type 


Numerical 
Aperture 


Attenuation 
( dB per km) 


200 um PCS 


0.40 


6.0 


100/140 um 


0.29 


6.0 


85/125 um 


0.26 


5.5 


62.5/125 um 


0.28 


5.0 


50/125 um 


0.20 


4.0 


1000 um Plastic 


0.50 


1000 



Table A3 - Cable Specifications 
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Semiconductor Corporation 



CS8125/6 



Optical Transmitter/Receiver 



Features 

• Supports Links at 1 .544 MHz up to 

7 km 

• Receiver Sensitivity: 30 nA to 30 uA , 
-42 clBm (assuming R=0.5 nA/nW) 

• Selectable Transmit Power Levels, 
60 mAand 12 mA 

• Optical Dynamic Range of 30 dB 

• Monolithic Clock Recovery 

• 3B4B Line Encoding/Decoding 



General Description 

The CS8125 and CS8126 from Crystal Semiconductor 
Corporation are SMART Analog'"" interface devices that 
receive and transmit serial binary data at T1 rates over 
two fiber-optic cables. Together, they provide filtering, 
modulation, demodulation, line encoding/decoding, 
& clock recovery. 



ORDERING INFORMATION 

CS8125- 16 Pin Plastic DIP 
CS8126- 16 Pin Plastic DIP 






12 


Tra 


CS81 

nsmit F 


125 Transmitter 

ower Level 
15 
























FIBER 


L 




Driver 




3B4B Encoder 




8 


HARI F 


13 






9 




• 
































Oscillator 







I 

VA + 



10 



I" 

GND 



I" 

VD + 



XTAL 



CS8126 Receiver 



FIBER 



CABLE 



Linear 
Channel 



1 
Loss of Signal 



Digital 
PLL 



3B4B 
Decoder 



Oscillator 



I 

VA+ 



10 



I" 

GND 



J YTAI 



VD + 



XTAL 



TCLK 
TDATA 



-RCLK 
- RDATA 



Product Preview 



This document contains data for a new product . Crystal Semiconductor 
reserves the right to modify this product without notice. 
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• Notes • 
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A/D CONVERTERS - STATICALLY TESTED 



GENERAL INFORMATION 
TELECOM T1/CCITT LINE INTERFACES 
JITTER ATTENUATORS 
DTMF RECEIVERS 
FIBER OPTIC TRANSMITTER/RECEIVERS 



DATA A C Q . 



A/D CONVERTERS - STATICALLY TESTED 



A/D CONVERTERS - DYNAMICALLY TESTED 
TRACK AND HOLD AMPLIFIERS 
FILTERS 
MISC. EVALUATION BOARDS 

APPLICATION NOTES 
APPENDICES 
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A/D CONVERTERS - STATICALLY TESTED 



INTRODUCTION 

Crystal offers a line of monolithic self-calibrating A/D converters which can recalibrate at any time or 
temperature, thus ensuring accuracy throughout their operating lives. The CS5012, CS5014 and 
CS5016 converters range from 12 to 16 bits of resolution and are ideal for instrumentation and control 
applications. They include on-chip interfaces to 8 tol6-bit microprocessors. All converters feature 
integral track-and-hold functions that convert ac signals without loss of accuracy. On-chip self- 
calibration ensures that linearity, offset and full-scale errors remain within 1/2 LSB with no missing 
codes. Calibration can be initiated upon hardware or software command. The converters can also be 
placed in transparent background calibration modes. 

Crystal's industry standard CS7820 8-bit sampling A/D is an extremely cost-effective solution to many 
general purpose conversion requirements. The inherent track-and-hold input is matched with a 1.36 jis 
maximum conversion time and easy interfacing to microprocessors. A pin-for-pin replacement for 
competitive parts, the CS7820 has aggressive pricing and deliveries, complemented by Crystal's 
unsurpassed quality and reliability standards. 

USER'S GUIDE 



Device: 


CS5016 


CS5014 


CS5012 


CS7820 


Resolution (Bits) 


16 


14 


12 


8 


Conversion Technique 


Succ. Approx. 


Succ. Approx. 


Succ. Approx. 


2-Stage Flash 


Conversion Time, Max 


16 


14 


7 


1.36 


(USEC) 










Linearity Error, Max 


+/- 0.0015% 


+/- 0.003% 


+/- 0.012% 


+/- 0.5 LSB 


No Missing Codes, Min 


16 


14 


12 


8 


(Bits) 










Power Dissipation (mW) 


120 


120 


120 


40 


On-Chip Sample/Hold 


y 


V 


V 


V 


Temperature Ranges 


Com, Ind, Mil 


Com, Ind, Mil 


Com, Ind, Mil 


Com, Ind, Mil 


Package 


40-Pin DIP 


40-HnDIP 


40-Pin DIP 


20-Pin DIP 



CONTENTS 



CS5012 12-Bit, 7 ^s A/D Converter 
CS5014 14-Bit, 14 us A/D Converter 
CS5016 16-Bit, 16 us A/D Converter 
CS7820 Rash 8-Bit, 1.4 us A/D Converter 
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Semiconductor Corporation 



CS5012 



12'Bit, 7us Self'Calibra ting A/D Converter 



Features 

• Monolithic CMOS A/D Converter 

Microprocessor Compatible 
Parallel and Serial Output 
Inherent Track/Hold Input 

• True 12-Bit Precision 

Linearity Error: + 1/4 LSB 

Total Unadjusted Error: + 1/4 LSB 

No Missing Codes 

• 7.2 Microsecond Conversion Time 

Throughput Rates up to 100kHz 

• Self Calibration Maintains Accuracy 
Over Time and Temperature 

• Low Power Dissipation: 120mW 

• Pin Compatible with CS501 4/CS501 6 



General Description 

The CS5012 is a 12-bit monolithic CMOS analog to digital 
converter with 7.2 microsecond conversion time. Unique 
self-calibration circuitry, which can be under Intelligent 
control, insures maximum nonlinearity of 1/2 LSB and no 
missing codes. Offset and full scale errors are kept within 
1/2 LSB, eliminating the need for manual calibration of 
any kind. Unipolar and bipolar input ranges are digitally 
selectable. 

The CS501 2 consists of a DAC, conversion and calibration 
microcontroller, oscillator, comparator, microprocessor 
compatible 3-State I/O, and calibration circuitry. 
The Input track-and-hold, inherent to the device's 
sampling architecture, acquires the analog input signal 
after each conversion within 2.8us to 0.01 %, allowing 
throughput rates up to 1 0OkHz. 

The CS5012 is pin compatible with the CS5014 and 
CS5016 A/D converters allowing system upgrading 
and downgrading without hardware alterations. 



ORDERING INFORMATION: 



Page 29 




AIN y 



HOLD CS RD AO BP/UP RST BW INTRLV CAL EOT EOC SCLK SDATA 

Q 



M- 



1 21 22 23 24 32 33 34 35 37 38 39 



CLOCK 
GENfERATOR 




CALBRATION 
MEMORY 



12 BIT CHARGE 

REDISTRIBUTION 

DAC 



MICROCONTROLLER 




COMPARATOR 



STATUS REGISTER 
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P.O. Box 17847, Austin, Texas 78760 
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CS5012 



ANALOG CHARACTERISTICS 

(Ta - 25°C; VA+. VD+ = 5V; VA-, VD- = -5V; VREF = 2.5V to 4.5V; 

folk = 6.8MHz for -7, 4MHz for -12, 2MHz for -24; Analog Source Impedance = 200f2 unless otherwise specified.) 



Parameter * 


CS5012-K 
min typ 


max 


CS5012-B 
min typ 


max 


CS5012-T 
min typ 


max 


Units 


Specified Temperature Range 


to +70 


-40 to +85 


-55 to +125 


^0 


Accuracy 


Linearity Error Note 1 
Tmin^o'^max Note 2 


±1/4 
±1/8 


±1/2 


±1/4 
±1/4 


±1/2 


±1/4 
±1/4 


±1/2 


LSB 
ALSB 


Differential Linearity Note 1 
\iin^o"^max Note 2 


±1/4 
±1/32 


±1/2 


±1/4 
±1/32 


±1/2 


±1/4 
±1/32 


±1/2 


LSB 
ALSB 


Full Scale Error y\qiq i 
"^min *° ^max Note 2 


±1/4 
±1/16 


±1/2 


±1/4 
±1/16 


±1/2 


±1/4 
±1/8 


±1/2 


LSB 
ALSB 


Unipolar Offset Note 1 
Tmin^oT^ax Note 2 


±1/4 
±1/16 


±1/2 


±1/4 
±1/16 


±1/2 


±1/4 
±1/8 


±1/2 


LSB 
ALSB 


Bipolar Offset Note 1 
^min *° "^max Note 2 


±1/4 
±1/16 


±1/2 


±1/4 
±1/8 


±1/2 


±1/4 
±1/8 


±1/2 


LSB 
ALSB 


Bipolar Negative Full-Scale Error 
Note1 
^min ^° ^max Note 2 


±1/4 
±1/16 


±1/2 


±1/4 
±1/4 


±1/2 


±1/4 
±1/4 


±1/2 


LSB 
ALSB 


Total Unadjusted Error ^ote 1 
^min^^^max Note 2 


±1/4 
±1/4 


±1/4 
±1/4 


±1/4 
±1/4 


LSB 
ALSB 


Noise Unipolar Mode 
(Note 3 ) Bipolar Mode 


45 
90 


45 
90 


45 
90 


uVrms 
uVrms 


Analog Input 


Aperture Time 


25 


25 


25 


ns 


Aperture Jitter 


100 


100 


100 


ps 


Aperture Time Matching (Note 4) 


TBD 


TBD 


TBD 


ns 


Full Power Bandwidth (Note 5) 


32 


32 


32 


kHz 


Input (Note 6) Unipolar Mode 
Capacitance Bipolar Mode 


275 
165 


375 
220 


275 
165 


375 
220 


275 
165 


375 
220 


PF 
pF 



Notes: 1 . Applies after calibration at any temperature within the specified temperature range. 

2. Total drift over specified temperature range since calibration at power-up at 25''C. 

3. Wideband noise aliased into the baseband. Referred to the Input. 

4. Part to part. 

5. Vjn = 9V p-p. Refer to Analog Input section on page 1 7 for discussion of input slew rate. 

6. Applies only In track mode. When converting or calibrating, input capacitance will not exceed 15pF. 

* Refer to Error Definitions on page 28. 



Specifications are subject to change without notice. 
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ANALOG CHARACTERISTICS 


(continued) 














Parameter 


CS5012-K 
mIn typ 


max 


CS5012-B 
min typ 


max 


CS5012.T 
mIn typ 


max 


Units 


Conversion & Throughput 


Conversion Time - 7 






7.2 






7.2 




- 


us 


-12 






12.25 






12.25 




12.25 


us 


(Notes 7,8) -24 






24.5 






24.5 




24.5 


us 


Acquisition Time - 7 
-12 




2.5 
3.0 


2.8 
3.75 




2.5 
3.0 


2.8 
3.75 


3.0 


3.75 


us 
us 


(Note 8) -24 




4.5 


5.25 




4.5 


5.25 


4.5 


5.25 


us 


Throughput - 7 
-12 


100 
62.5 






100 
62.5 






62.5 




kHz 
kHz 


(Note 8) -24 


33.6 






33.6 






33.6 




kHz 


Power Supplies 


DC Power Supply Currents (Note 9) 




















'A+ 




9 


19 




9 


19 


9 


19 


mA 


lA- 




-9 


^9 




-9 


-19 


-9 


^9 


mA 


ID+ 




3 


6 




3 


6 


3 


6 


mA 


Id- 




-3 


-6 




-3 


-6 


-3 


-€ 


mA 


Power Dissipation (Note 9) 




120 


250 




120 


250 


120 


250 


mW 


Power Supply Rejection (Note 1 0) 




















Positive Supplies 
Negative Supplies 




84 
84 






84 
84 




84 
84 




dB 
dB 



Notes: 



7. Measured from falling transition on HOLD to falling transition on EOC. 

8. Conversion, acquisition, and throughput times depend on the master clock, sampling, and calibration 
conditions. The numbers shown assume sampling and conversion is synchronized with the CS501 2's 
conversion clock, interleave calibrate Is disabled, and operation is from the full-rated external clock. 
A detailed discussion of conversion timing appears on page 1 1 . 

9. All outputs unloaded. All Inputs CMOS levels. 

10. With SOOmV p-p, 1kHz ripple applied to each analog supply separately in bipolar mode. Rejection 
improves by 6dB in the unipolar mode to 90dB. A plot of typical power supply rejection versus 
frequency appears on page 21 . 
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SWITCHING CHARACTERISTICS (Ta = Tmin to Tmax: 

VA+. VD+ = 5V ± 1 0%; VA-, VD- = -5V ± 1 0%; Inputs: Logic = OV, Logic 1 = VD+; Cl = 50pF) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Master Clock Frequency: 

Internally Generated: . 7 
-12 
-24 

Externally Supplied: - 7 
- 12 
-24 


feLK 


2.4 
2.4 
1.0 


- 


6.8 
4 
2 


MHz 


Master Clock Duty Cycle 


- 


30 


- 


70 


% 


Rise Times: Any Digital Input 
Any Digital Output 


^ rise 


- 


20 


1.0 


us 
ns 


Fall Times: Any Digital Input 
Any Digital Output 


^fall 


: 


20 


1.0 


us 
ns 


HOLD Pulse Width 


thpw 


1/fCLK + 50 


- 


tc 


ns 


Conversion Time 


tc 


(Note 11) 


- 


(Note 11) 


us 


Data Delay Time 


tdd 


- 


40 


100 


ns 


EOC Pulse Width (Note 12) 


Upw 


4/fcLK-20 


- 


- 


ns 




tcs 
tas 


20 
20 


10 
10 


- 


ns 


Set Up Times: CAL. INTRLV to CS Low 
AOtoCSandRDLow 


Hold Times: 

CS or RD High to AO Invalid 
CS High to CAL, INTRLV Invalid 


tah 
tch 


50 
50 


30 
30 


- 


ns 


Access Times: CS Low to Data Valid 
-K.B 
-T 
RD Low to Data Valid 
-K,B 
-T 


tea 
tra 




90 
115 

90 
115 


120 
150 

120 
150 


ns 
ns 


Output Float Delay: -K, B 
CS or RD High to Output Hl-Z -T 


tfd 




50 
50 


110 
140 


ns 


Serial Clock Pulse Width Low 
Pulse Width High 


tpwl 
tpwh 




2/fCLK 
2/fCLK 


- 


ns 


Set Up Times: SDATA to SCLK Rising 


tss 


2/fcLK-100 


2/fCLK 


- 


ns 


Hold Times: SCLK Rising to SDATA 


tsh 


S/fCLK-lOO 


2/fCLK 


- 


ns 



Notes: 1 1 . See T able 1 and master clock frequencies above. 

12. EOC remains low 4 master clock cycles If CS and RD are held low. OthenA/ise, it returns high 
within 4 master clock cycles from the start of a data read operation or a conversion cycle. 
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SCLK 

sdata" 



CS" 



RD 



AO 



/ 



trise 
90% 
10% 



tfaiiH 

90^ 

10% 



Rise and Fall Times 



^pwl * 



k-ts 



D0-D15 



CAL. INTRLV 



X 



^t, 



pwh 



-tsh- 



Serial Output Timing 



^ca- 



X 



Hi-Z 



yc 



tcs 



y 



tah- 



tfd 



^toh 



:>c 



Read and Calibration Control Timing 



CS5012 




X 



Hi-Z 





• — ^hpw — 
\ / 










HOLD ^ 


/ 

\ 


1 




*^ 


* epw 




EOC //////// 


Sv / 


/////// 




.— tdd — * 




Output Data LAST CONVERSION DATA VALID ) 


( NEW DATA VALID 






Conversion Timing 
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DIGITAL CHARACTERISTICS (TA = TmintoTmax; VA+,VD+ = 5V±10%; VA-,VD- = .5V±10%) 
All nrteasurements below are performed under static conditions. 


Parameter 


Symbol 


MIn 


Typ 


Max 


Units 


High-level Input Voltage 


V|H 


2.0 




- 


V 


Low-Level Input Voltage 


V|L 


- 




0.8 


V 


High-Level Output Voltage (Note 13) 


VOH 


VD+-1.0V 




- 


V 


Low-Level Output Voltage lout^l .6mA 


Vol 


- 




0.4 


V 


Input Leakage Current 


»in 


- 




10 


uA 


3-State Leakage Current 


«0Z 


- 




±10 


uA 


Digital Output Pin Capacitance 


Cout 


- 


9 


- 


PF 



Note: 13. lout = -100|iA. This specification guarantees TTL compatability (VOH = 2.4V @ lout = -40^A). 



RECOMENDED OPERAT 


NG CONDITIONS (AGND. dgnd = 


OV, see note 14.) 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Power Supplies: Positive Digital 
Negative Digital 
Positive Analog 
Negative Analog 


VD+ 
VD- 
VA+ 
VA- 


4.5 
-4.5 

4.5 
-4.5 


5.0 
-5.0 

5.0 
-5.0 


VA+ 
-5.5 

5.5 
-5.5 


V 
V 
V 
V 


Analog Reference Voltage 


VREF 


2.0 


- 


VA+ - 0.5 


V 


Analog Input Voltage: Unipolar 
(Note 15) Bipolar 


Vain 
Vain 


AGND 
-VREF 


. 


VREF 
VREF 


V 
V 



Notes: 14. All voltages with respect to ground. 

15. The CS5012 can accept Input voltages up to the analog supplies (VA+ and VA-). 

It will output ail 1's for inputs above VREF and all O's for Inputs below AGND In unipolar mode 
and -VREF In bipolar mode. 



ABSOLUTE MAXIMUM RATINGS (AGND, dgnd = OV. all voltages with respect to ground) 



Parameter 


Symbol 


MIn 


Max 


Units 


DC Power Supplies: Positive Digital 
Negative Digital 
Positive Analog 
Negative Analog 


VD+ 
VD- 
VA+ 
VA- 


-0.3 
0.3 

-0.3 
0.3 


VA+ + 0.3 
-6.0 
6.0 
-6.0 


V 
V 
V 
V 


Input Current, Any Pin Except Supplies (Note 1 6) 


iin 


- 


±10 


mA 


Analog Input Voltage (AIN and VREF pins) 


V,NA 


VA- - 0.3 


VA+ + 0.3 


V 


Digital Input Voltage 


V,ND 


-0.3 


VA+ + 0.3 


V 


Ambient Operating Temperature 


Ta 


-55 


125 


•c 


Storage Temperature 


Tsto 


-65 


150 


•c 



Note: 16. Transient currents of up to 100mA will not cause SCR latch up. 

WARNING: Operation at or beyond these limits may result In permanent damage to the device. 
Normal operation is not guarateed at these extremes. 
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THEORY OF OPERATION 

The CS5012 utilizes the most popular method of 
executing high-speed, high-resolution A/D 
conversion: successive approximation. As with 
all other iterative comparison methods, the 
analog input is successively compared to the 
output of a D/A converter controlled by the 
conversion algorithm. Successive approximation 
begins by comparing the analog input to the 
DAC output which is set to half-scale (MSB on, 
all other bits off). If the input is found to be 
below half-scale, the MSB is reset to zero and 
the input is compared to one-quarter scale (next 
MSB on, all others off). If the input were above 
half-scale, the MSB would remain high and the 
next comparison would be at three-quarters of 
full scale. This procedure continues until all bits 
have been exercised. 

The CS5012 implements the successive- 
approximation algorithm using a unique 
charge-redistribution architecture. Instead of the 
traditional resistor network, the DAC is an array 
of binary-weighted capacitors. All capacitors in 
the array share a common node at the 
comparator's input. Their other terminals are 
capable of being connected to AIN, AGND, or 
VREF (Figure 1). When the device is not 
calibrating or converting, all capacitors are tied 
to AIN forming Ctot. Switch SI is closed and the 
charge on the array, Qin, tracks the input signal 
Vin (Figure 2a). 




-Qin = Vin Ctot 
Figure 2a. Tracking Mode 



When the conversion command is issued, switch 
SI opens as shown in Figure 2b. This traps 
charge Qin on the comparator side of the 
capacitor array and creates a floating node at the 
comparator's input. The conversion algorithm 
operates on this fixed charge, and the signal at 
the analog input pin is ignored. In effect, the 
entire DAC capacitor array serves as analog 
memory during conversion much like a hold 
capacitor in a sample/hold amplifier. 




VREF 



AGND 



DC tot 

HP 

a-D)Ctot 




ToMCU 



for Vfo - OV 



VREF 

Figure 2b. Convert Mode 



AIN o- 



VREPO- 
AGND^ 



ill ill ill lii ^^ iin 



T T T T 



i^A A.Pi A.PA A.PA A.PA A^A 

: I 02 C /4 I Osl 02048 | C/20 4g | 



• • • 



Bit 11 Bit 10 Bit 9 
MSB 



Bits 



T T 



Cfrs. »C + C/2 + C/4 + ... + 02048 

lOl 



Bit Dummy 

LSB 



SI 

-O— K>~ 



^ 




Figure 1. Charge Redistribution DAC 
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The conversion consists of manipulating the free 
plates of the capacitor array to VREF and AGND 
to form a capacitive divider. Since the charge at 
the floating node remains fixed, the voltage at 
that point depends on the proportion of 
capacitance tied to VREF versus AGND. The 
successive-approximation algorithm is used to 
find the proportion of capacitance, termed D in 
Figure 2b, which when connected to the 
reference will drive the voltage at the floating 
node (Vfn) to zero. That binary fraction of 
capacitance represents the converter's digital 
output. 



To achieve 12-bit accuracy from the DAC, the 
CS5012 uses a novel self-calibration scheme. 
Each bit capacitor shown in Figure 1 actually 
consists of several capacitors which can be 
manipulated to adjust the overall bit weight. 
During calibration, an on-chip microcontroller 
adjusts the sub-arrays to precisely ratio the bits. 
Each bit is adjusted to just balance the sum of all 
less significant bits plus one dummy LSB (for 
example, 16C = 8C + 4C + 2C + C + C). 
Calibration resolution for the array is a small 
fraction of an LSB resulting in nearly ideal 
differential and integral linearity. 



The CS5012's charge redistribution architecture 
easily supports bipolar input ranges. If half the 
capacitor array (the MSB capacitor) is tied to 
VREF rather than AEN in the track mode, the 
input range is doubled and is offset half-scale. 
The magnitude of the reference voltage thus 
defines both positive and negative full-scale 
(-VREF to +VREF), and the digital code is an 
offset binary representation of the input. 

Calibration 

The ability of the CS5012 to convert accurately 
to 12-bits clearly depends on the accuracy of its 
comparator and DAC. The CS5012 utilizes an 
"auto-zeroing" scheme to null errors introduced 
by the comparator. All offsets are stored on the 
capacitor array while in the ti*ack mode and are 
effectively subtracted from the input signal when 
a conversion is initiated. Auto-zeroing enhances 
power supply rejection at frequencies well below 
the conversion rate. 



DIGITAL CIRCUIT CONNECTIONS 

The CS5012 can be applied in a wide variety of 
master clock, sampling, and calibration 
conditions which directly affect the device's 
conversion time and throughput. The device also 
features on-chip 3- state output buffers and a 
complete interface for connecting to 8-bit and 
16-bit digital systems. Output data is also 
available in serial format. 

Master Clock 

The CS5012 operates from a master clock which 
can be externally supplied or internally 
generated. The internal oscillator is activated by 
externally tying the CLKIN input low. Alterna- 
tively, the CS5012 can be synchronized to the 
external system by driving the CLKIN pin with a 
TTL or CMOS clock signal. 



Sampling LTU ^ 

Clock 



Master Clock JUUUUUmJl 
(Optional) 




Master Clock JUmJUlMil 
(Optional) 



HOLD 
CS5012 
EOT 

CLKIN 



Figure 3a. Asynchronous Sampling 



Figure 3b. Synchronous Sampling 
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All calibration, conversion, and throughput times 
directiy scale to master clock frequency. Thus, 
throughput can be precisely controlled and/or 
maximized using an external master clock. In 
contrast, the CS5012's internal oscillator will 
vary from unit-to-unit and over temperature. Its 
tolerance gives rise to minimum and maximum 
conversion times and throughput rates. The -7 
version of the CS5012 is specified for accurate 
operation with an external clock up to 6.8MHz; 
its internal clock frequency is specified at a 
minimum of 2.4MHz. The -12 version is 
specified for accurate operation with an external 
clock up to 4MHz; its internal clock frequency is 
specified at a nunimum of 2.4MHz. The -24 
version can handle external clocks up to 2MHz; 
its internal clock can range as low as l.OMHz 
(see Switching Characteristics, page 6). Each 
version can typically convert with clocks as low 
as lOkHz at room temperature. 

Initiating Conversions 

A falling transition on the HOLD pin places the 
input in the hold m ode and initiates a conversion 
cycle. The HOLD input is latched internally by 
the master clock, so it can return high anytime 
after one master clock cycle plus 50ns. Upon 
completion of the conversion cycle, the CS5012 
automatically returns to the track mode. In 
contrast to systems with separate track-and-holds 
and A/D converters, a sampling clock can simply 
be connected to the HOLD input (Figure 3a). 
The duty cycle of this clock is not critical. It 



need only remain low at least one master clock 
cycle plus 50ns, but no longer than the minimum 
conversion time or an additional conversion 
cycle will be initiated with inadequate time for 
acquisition. 

Microprocessor-Controlled Operation 

Sampling and conversion can be placed under 
microprocessor control (Figure 4) by simply 
gating the device's decoded address with the 
write strobe for the HOLD input. Thus, a write 
cycle to the CS5012's base address will initiate a 
conversion (the data word is irrelevant). 
However, the write cycle must be to the odd 
address (AO high) to avoid initiating a software 
controlled reset (see Reset, page 13). 

The cal ibration control inputs, CAL, and 
INTRLV are also internally latched by CS, so 
they must be in the appropriate state whenever 
the chip is selected during a read or write cycle. 
Address lines Al and A2 are shown connected to 
CAL and INTRLV in Figure 4 placing calibra- 
tion under microprocessor control as well. Thus, 
any read or write cycle to the CS5012's base 
address will initiate or terminate calibration. 

Conversion Time/Throughput 

Upon completing a conversion cycle and return- 
ing to the track mode, the CS5012 requires time 
to acquire the analog input signal before another 
conversion can be initiated. The acquisition time 
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is specified as six master clock cycles plus 
2.25IXS (L32ixs for the -7 version only). This 
adds to the conversion time to define the 
converter's maximum throughput. The conver- 
sion time of the CS5012, in turn, depends on the 
sampling, calibration, and master clock condi- 
tions. 
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Figure 5a. Asynchronous Sampling (External Clock) 



output to HOLD (Figure 3b). T he ED T output 
falls 15 master clock cycles after EOC indicating 
the analog input has been acquired to the 
CS5012's specified accuracy. The EOT output is 
synchronized to the internal conversion clock, so 
the four clock cycle synchronization uncertainty 
is removed yielding throughput at l/64th of 
the master clock frequency (see Figure 5b and 
Table 1). 

Also, the CS5012's internal RC oscillator 
exhibits significant jitter (typically ± 0.05% of its 
period), which is high compared to crystal oscil- 
lators. If the CS5012 is configured for 
synchronous sampling while operating from its 
internal oscillator, this jitter will directly affect 
sampling purity. 



Asynchronous Sampling 

The CS5012 internally operates from a clock 
which is delayed and divided down from the 
master clock (fCLK/4). If sampling is not 
synchronized to this internal clock, the conver- 
sion cycle may not begin until up to four clock 
cycles after HOLD goes low even though 
the charge is trapped immediately. In this 
asynchronous mode (Figure 3a), the four 
clock cycles add to the minimum 49 clock cycles 
to define the maximum conversion time (see 
Figure 5a and Table 1). 

Synchronous Sampling 

To achieve maximum throughput, sampling can 
be synchronized with the internal conversion 
clock by connecting the End-of-Track (EOT) 
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Figure 5b. Synchronous (Loopback) Mode 



The EOT output is an accurate indicator of the 
CS5012's acquisition requirement when operat- 
ing at the -7 version's full rated speed (with a 
6.8MHz master clock). However, EOT will 
allow the CS5012 more acquisition time than 
necessary when operating with a clock less than 
6.8MHz. The EOT ou^ut always falls 15 master 
clock cycles after EOC. When operating the -24 



Sam p ling M od e 
Synchronous (Loopback) 
Asynchronous 



Conversion Time 

min max 

49T 497 

491 53T + 235ns 

(T s one master clock cycle) 
Table 1. Conversion and Throughput Times 



Throughput Time 

min max 

64T 64T 

N/A 59T + 2.25ms 

(+1 .32fxs for -7 version only) 
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with a master clock of 2MHz or less, higher 
throughput can be achieved than in the loopback 
configuration by using an external counter. The 
counter should be reset by the falling edge of 
EOC and count the appropriate number of clock 
cycles after each conversion. When the total 
time is greater than six clock cycles plus 2.25^is 
the cou nter can trigger a new conversion at 
HOLD. For example, when using a 2MHz clock, 
2.25M.S takes between four and five clock cycles. 
When six cycles are added to this it is seen that 
the counter should trigger a new conversion at 
the eleventh clock cycle. 

Reset 

Upon power up, the CS5012 must be reset to 
guarantee a consistent starting condition and 
initially calibrate the device. Due to the 
CS5012's low power dissipation and low 
temperature drift, no warm-up time is required 
before reset to accommodate any self-heating 
effects. However, the voltage reference input 
should have stabilized to within 5% of its final 
value before RST falls to guarantee an accurate 
calibration. Later, the CS5012 may be reset at 
any time to initiate a single full calibration. Reset 
overrides all other functions. If reset, the CS5012 
will clear and initiate a new calibration cycle 
mid-conversion or mid-calibration. 

Resets can be initiated in hardware or software. 
The simplest method of resetting the CS5012 
involves strobing the RST pin high. When RST 
is brought high all internal logic clears. When it 
returns low a full calibration begins which takes 
1,443,840 master clock cycles (approximately 
360ms with a 4MHz clock) to complete. A 
simple power-on reset circuit can be built using a 
resistor and capacitor, and a Schmidt-trigger 
inverter to prevent oscillation (see Figure 6). The 
CS5012 can also be reset in software when under 
microprocessor control. The CS 5012 will reset 
whenever C5, AO, and HOLD are taken low 
simultaneously. See the Microprocessor 
Interface section on page 14 to eliminate the pos- 



CS50I2 
RST 



Figure 6. Power-On Reset Circuitry 



sibility of inadvertent software reset The EOC 
output remains high throughout the reset opera- 
tion and will fall upon its completion. It can thus 
be used to generate an interrupt indicating the 
CS5012 is ready for operation. Six master clock 
cycles plus 2.25|xs (1.32^is for the -7 version 
only) must be allowed after EOC falls to allow 
for acquisition. Under microprocessor- 
independent operation with 3-states permanently 
enabled (C5, RD low; AO high) the EDC output 
will not fall at the completion of the reset 
operation. 

Initiating Calibration 

All modes of calibration can be controlled in 
hardware or software. Accuracy can thereby be 
insured at any time or temperature throughout 
operating life. After initial calibration at power- 
up, the CS5012's charge-redistribution design 
yields better temperature drift and more graceful 
aging than resistor-based technologies, so 
calibration is actually required less often than 
with traditional devices. 

The first mode of calibration, reset, results in a 
single full calibration cycle. The second type of 
calibration, termed "burst" cal, is useful when the 
ADC sees some downtime but not enough to 
perform a full reset calibration. Burst cal can be 
terminated mid-calibration; it picks up where it 
left off previously, so calibrations can be done in 
piecemeal fashion. Burst cal is initiated by bring- 
ing the CAL input high with C5 low. The CAL 
input is level-triggered and latches on the rising 
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edge of CS, so a write cycle can be used to 
control calibration in software. Burst cal will 
continue to loop through calibration cycles until 
terminated. Once CAL returns low, at least 26 
master clock cycles plus 2.25^is (1.32jxs for the 
-7 version) must be allowed before a conversion 
is initiated to ensure the CS5012 has completed 
its calibration experiment and has acquired the 
analog input. The EOC output indicates the 
completion of the final calibration experiment. 
(See note on page 29.) 

The CS5012 features a background calibration 
mode called "interleave." Interleave appends a 
single calibration experiment to each conversion 
cycle and thus requires no dead time for 
calibration. The CS5012 gathers data between 
conversions and will adjust its transfer function 
once it completes the entire sequence of 
experiments (one calibration cycle per 72,192 
conversio ns). Initiated by bringing both the 
INTEUJV input and CS low (or hard-wiring 
INTRLV low), interleave extends the CS5012's 
effective conversion time by 20 master clock 
cycles (5[xs @ 4MHz). Other than reduced 
throughput, interleave is totally transparent to the 
user. 

Burst calibrations initiated at CAL pick up where 
interleave left off, so calibration cycles can be 
hastened by "bursting" a number of experiments 
whenever the CS5012 sees free time. Interleave 



is subordinate to burst calibrations, so INTRLV 
could still be externally tied low. 

Microprocessor Interface 

The CS5012 features an intelligent micro- 
processor interface which offers detailed status 
information and allows software control of the 
self-calibration functions. Output data is 
available in either 8-bit or 16-bit formats for easy 
interfacing to industry-standard microprocessors. 

Strobing both CS and RD low enables the 
CS5012's 3-state output buffers with either 
output data or status information depending on 
the status of AO. An address bit can be connected 
to AO as shown in Figure 4b thereby memory 
mapping the status register and output data. 
Conversion status can be polled in software by 
reading the status register (C5 and RD strobed 
low with AO low), and masking status bits S0-S5 
and S7 (by logically AND'ing the status word 
with 01000000) to determine the value of S6. 
Similarly, the software routine can determine 
calibration status using other status bits (see 
Table 2). Care must be taken not to read the 
status register (AO low) while HOLD is low, or a 
software reset will result (see Reset, page 13). 

Alternatively, the End-of-Convert (EOC) output 
can be used to generate an interrupt or drive a 
DMA controller to dump the output directly into 
memory after each conversion. The EOC pin 



PIN 


STATUS BIT 

SO 
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DO 


END OF CONVERSION 


D1 


S1 


RESERVED 


D2 


S2 
S3 


LOW BYTE/HIGH BYTE 


D3 


END OF TRACK 


D4 


S4 


RESERVED 


D5 


S5 


TRACKING 


D6 


S6 


CONVERTING 


D7 


S7 


CALIBRATING 



DEFINITION 

Falls upon completion of a conversion, 

and returns high on the first subsequent read. 

Reserved for factory use. 

When data is to be read in an 8-bit format (BW^O), 
indicates which byte will appear at the output next. 

When low, indicates the input has been acquired to 
the devices specified accuracy. 

Reserved for factory use. 

High when the device is tracking the intput. 

High when the device is converting the held Input. 

High when the device is calibrating. 



Table 2. Status Bit Defmitions 
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falls as each conversion cycle is completed and 
data is valid at the output. It returns high within 
four master clock cycles of the first subsequent 
data read operation or after the start of a new 
conversion cycle. 

To interface with a 16-bit data bus, the BW input 
to the CS5012 should be held high and all 12 
data bits read in parallel on pins D15-D4. With 
an 8-bit bus, the converter's 12-bit result must be 
read in two portions. In this instance, BW should 
be held low and the 8 MSB's obtained on the 
first read cycle following a conversion. The 
second read cycle will yield the 4 LSB's with 
four trailing zeroes. Both bytes appear on pins 
D0-D7. The upper/lower bytes of the same data 
will continue to toggle on subsequent reads until 
the next conversion finishes. Status bit S2 
indicates which byte will appear on the next data 
read operation. 

The CS5012 internally buffers its output data, so 
data can be read while the device is tracking or 
converting the next sample. Therefore, retrieving 
the converter's digital output requires no 
reduction in ADC throughput. Enabling the 3- 
state outputs while the CS5012 is converting will 
not introduce conversion errors. When TTL 
loads are utilized the potential for crosstalk 
between digital and analog sections of the 
system is increased. This crosstalk is due to high 
digital supply and signal currents arising from 
the TTL drive current required of each digital 
output. Connecting CMOS logic to the digital 
outputs is reconmiended. Suitable logic families 
include 4000B, 74HC, 74AC, 74ACT, and 
74HCT 



The two calibration control inputs, CAL and 
INTRLV, are level-triggered and latched on the 
rising edge of C5. Calibration can be placed 
under software control by connecting address 
lines to the CAL and INTRLV inputs as 
shown in Figure 4a. Any read or write cycle to 
the CS5012's base address will thereby initiate 
or terminate calibration. 

Microprocessor Independent Operation 
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Figure 8. Microprocessor-Independent Connections 

The CS5012 can be operated in a stand-alone 
mode independent of intelligent control. In this 
mode, CS and RD are hard-wired low 
permanently enabling the 3-state output buffers. 
A free-running condition is established when 
BW is tied high, CAL is tied low, and HOLD is 
continually strobed low or tied to EOT. The 
CS5012's EOC output can be used to externally 
latch the output data if desired. With CS and RD 
hard-wired low, EOC will strobe low for four 
master clock cycles after each c onvers ion. Data 
will be unstable up to 100ns after EOC falls, so it 
should be latched on the rising edge of EOC. 
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Serial Output 



Reference Considerations 



All successive-approximation A/D converters 
derive their digital output serially starting with 
the MSB. The CS5012 presents each bit to the 
SDATA pin four master clock cycles after it is 
derived and can be latched using the serial clock 
output, SCLK. Just subsequent to each bit 
decision SCLK wiU fall and return high once the 
bit information on SDATA has stabilized. Thus, 
the rising edge of the SCLK output should be 
used to clock the data from the CS5012 (See 
Figure 9). 

ANALOG CIRCUIT CONNECTIONS 

Most popular successive-approximation A/D 
converters generate dynamic loads at their 
analog connections. The CS5012 internally 
buffers all analog inputs (AIN, VREF, and 
AGND) to ease the demands placed on external 
circuitry. However, accurate system operation 
still requires careful attention to details at the 
design stage regarding source impedances as 
well as grounding and decoupling schemes. 



An application note titled ''Voltage References 
for the CS501X/CSZ511X Series of AID 
Converters'' is available for the CS5012. In 
addition to working through a reference circuit 
design example, it offers seven built-and-tested 
reference circuits. 

During conversion, each capacitor of the 
calibrated capacitor array is switched between 
VREF and AGND in a manner determined by 
the successive-approximation algorithm. The 
charging and discharging of the array results in a 
current load at the reference. The CS5012 
includes an internal buffer amplifier to minimize 
the external reference circuit's drive 
requirement and preserve the reference's 
integrity. Whenever the array is switched during 
conversion, the buffer is used to pre-charge the 
array thereby providing the bulk of the necessary 
charge. The appropriate array capacitors are 
then switched to the unbuffered VREF pin to 
avoid any errors due to offsets and/or noise in 
the buffer. 
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2. For asynchronous mode, transitions of SQ.K, SDATA, EOC, EOT can shift by up to 4 clocks; e.g. the 
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Figure 9. Serial Output Timing 
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The external reference circuitry need only 
provide the residual charge required to fully 
charge the array after pre-charging from the 
buffer. This creates an ac current load as the 
CS5012 sequences through conversions. The 
reference circuitry must have a low enough 
output impedance to drive the requisite current 
without changing its output voltage significantly. 
As the analog input signal varies, the switching 
sequence of the internal capacitor array changes. 
The current load on the external reference 
circuitry thus varies in response with the analog 
input. Therefore, the external reference must not 
exhibit significant peaking in its output 
impedance characteristic at signal frequencies or 
their harmonics. 




R =2-n- (Q,+C2)fpeak 
Figure 10. Reference Connections 



A large capacitor connected between VREF and 
AGND can provide sufficiently low output 
impedance at the high end of the frequency 
spectrum, while almost all precision references 
exhibit extremely low output impedance at dc. 
The presence of large capacitors on the output of 
some voltage references, however, may cause 
peaking in the output impedance at intermediate 
frequencies. Care should be exercised to ensure 
that significant peaking does not exist or that 
some form of compensation is provided to 
eliminate the effect 

The magnitude of the current load on the 
external reference circuitry will scale to the 
master clock frequency. With a 4MHz clock, the 



reference must supply a maximum load current 
of 10|xA peak-to-peak (l^iA typical). An output 
impedance of 15Q, will therefore yield a maxi- 
mum error of ISO^iV. With a 2.5V reference and 
LSB size of 0.6mV, this would insure better than 
1/4 LSB accuracy. A l^iF capacitor exhibits an 
impedance of less than 15^ at frequencies 
greater than lOkHz. A high-quality tantalum 
capacitor in parallel with a smaller ceramic 
capacitor is recommended. 

Peaking in the reference's output impedance can 
occur because of capacitive loading at its output. 
Any peaking that might occur can be reduced by 
placing a small resistor in series with the 
capacitors (Figure 10). The equation in Figure 10 
can be used to help calculate the optimum value 
of R for a particular reference. The term "fpeak" 
is the frequency of the peak in the output 
impedance of the reference before the resistor is 
added. 

The CS5012 can operate with a wide range of 
reference voltages, but signal-to-noise perfor- 
mance is maximized by using as wide a 
signal range as possible. The recommended 
reference voltage is between 2.5 and 4.5 volts. 
The CS5012 can actually accept reference vol- 
tages up to the positive analog supply. However, 
the buffer's offset may increase as the reference 
voltage approaches VA+ thereby increasing 
external drive requirements at VREF. A 4.5V 
reference is the maximum reference voltage 
reconmiended. This allows 0.5V headroom for 
the internal reference buffer. Also, the buffer 
enlists the aid of an external 0.1 jxF ceramic 
capacitor which must be tied between its output, 
REFBUF, and the negative analog supply, VA-. 
For more information on references, consult 
"Application Note: Voltage References for the 
CS50IX/CSZ511X Series ofA/D Converters". 

Analog Input Connection 

The analog input terminal functions similarly to 
the VREF input after each conversion when 
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switching into the track mode. During the first 
six master clock cycles in the track mode, the 
buffered version of the analog input is used for 
pre-charging the capacitor array. An additional 
period is required for fine-charging directly from 
AIN to obtain the specified accuracy. Figure 11 
exemplifies this operation. During pre-charge the 
charge on the capacitor array first settles to the 
buffered version of the analog input. This 
voltage is offset from the actual input voltage. 
During fine-charge, the charge then settles to the 
accurate unbuffered version. 




1.0 1.5 

Acquisition Ti me (u i) 
(Delay ftomEOC) 



Figure 11. Internal Acquisition Time 



The acquisition time of the CS5012 depends on 
the master clock frequency. This is due to a fixed 
pre-charge period. For instance, operating the 
-12 version with an external 4MHz master clock 



results in a 3.75^is acquisition time: l.Sjxs for 
pre-charging (6 clock cycles) and 2.25|xs for 
fine-charging. Fine-charge settling is specified as 
a maximum of 2.25|xs for an analog source 
impedance of less than 2001^. (On the -7 version 
it is specified as 1.32|xs.) In addition, the 
comparator requires a source impedance of less 
than 400Q around 2MHz for stability, which is 
met by practically all bipolar op amps. Large dc 
source impedances can be accommodated by 
adding capacitance from AIN to ground (typical- 
ly 200pF) to decrease source impedance at high 
frequencies. However, high dc source resistances 
will increase the input's RC time constant and 
extend the necessary acquisition time. 

The CS5012 can track full power signals up to 
32kHz in the track mode. During the first six 
clock cycles following a conversion (pre- 
charge), the CS5012 is capable of slewing 
at 5 V/|is in unipolar mode. In bipolar mode, only 
half the capacitor array is connected to the 
analog input so the CS5012 can slew at 10V/|xs. 
After the fu*st six master clock cycles, it will 
slew at 0.25V/|xs in the unipolar mode and 
0.5V/|xs in bipolar mode. Acquisition of fast 
slewing signals (step functions) can be hastened 
if the step occurs during or immediately follow- 
ing the conversion cycle. For instance, 
channel selection in multiplexed applications 
should occur while the CS5012 is converting 
(see Figure 12). Multiplexer settling is thereby 
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removed from the overall throughput equation, 
and the CS5012 can convert at full speed. 

Analog Input Range/Coding Format 

The reference voltage directly defines the input 
voltage range in both the unipolar and bipolar 
configurations. In the unipolar configuration 
(BP/UP low), the first code transition occurs 0.5 
LSB ab6ve AGND, and the final code transition 
occurs 1.5 LSB's below VREF. Coding is in 
straight binary format In the bipolar configura- 
tion (BP/UP high), the first code transition 
occurs 0.5 LSB above -VREF and the last 
transition occurs 1.5 LSB's below +VREF. 
Coding is in an offset-binary format Positive 
full scale gives a digital output ofUlllllllUl, 
and negative full scale gives a digital output of 
000000000000. 

Grounding and Power Supply Decoupling 

The CS5012 uses the analog ground connection, 
AGND, only as a reference voltage. No dc 
power currents flow through the AGND connec- 
tion, and it is completely independent of DGND. 
However, any noise riding on the AGND input 
relative to the system's analog ground will 
induce conversion errors. Therefore, both the 
analog input and reference voltage should be 
referred to the AGND pin, which should be used 
as the entire system's analog ground. 

The digital and analog supplies are isolated 
within the CS5012 and are pinned out separately 
to minimize coupling between the analog and 
digital sections of the chip. All four supplies 
should be decoupled to their respective grounds 
using 0.1 |jF ceramic capacitors. If significant 
low-frequency noise is present on the supplies, 
IjiF tantalum capacitors are recommended in 
parallel with the 0.1 ^lF capacitors. 

The positive digital power supply of the CS5012 
must never exceed the positive analog supply by 
more than a diode drop or the CS5012 could 



experience permanent damage. If the two 
supplies are derived from separate sources, care 
must be taken that the analog supply comes up 
first at power-up. The system connection 
diagram on page 23 shows a decoupling scheme 
which allows the CS5012 to be powered from a 
single set of ± 5V rails. The positive digital 
supply is derived from the analog supply through 
a lOQ resistor to avoid the analog supply 
dropping below the digital supply. If this scheme 
is utilized, care must be taken to insure that any 
digital load currents (which flow through the 
lOQ resistors) do not cause the magnitude of 
digital supplies to drop below the analog 
supplies by more than 0.5 volts. Digital supplies 
must always remain above the minimum 
specification. 

As with any high-precision A/D converter, the 
CS5012 requires careful attention to grounding 
and layout arrangements. However, no unique 
layout issues must be addressed to properly 
apply the CS5012. The CDB5012 evaluation 
board is available for the CS5012, which avoids 
the need to design, build, and debug a high- 
precision PC board to initially characterize the 
part The board comes with a socketed CS5012, 
and can be quickly reconfigured to simulate any 
combination of sampling, calibration, master 
clock, and analog input range conditions. 

CS5012 PERFORMANCE 

Differential Nonlinearity 

The most prevalent source of nonlinearity in 
high resolution converters is bit weight errors. 
These errors arise from the deviation of bits from 
their ideal binary-weighted ratios, and lead to 
nonideal widths for each code. If DNL errors are 
large, and code widths shrink to zero, it is 
possible for one or more codes to be entirely 
missing. The CS5012 calibrates all bits in the 
capacitor array to a small fraction of an LSB 
resulting in nearly ideal DNL. A histogram plot 
of typical DNL can be seen in Figure 13. 
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A histogram test is a statistical method of deriv- 
ing an A/D converter's differential nonlinearity. 
A ramp is input to the A/D and a large number of 
samples are taken to insure a high confidence 
level in the test's result. The number of occurren- 
ces for each code is monitored and stored. A 
perfect A/D converter would have all codes of 
equal size and therefore equal numbers of 
occurrences. In the histogram test a code with 
the average number of occurrences will be 
considered ideal (DNL = 0). A code with more or 
less occurrences than average will appear as a 
DNL of greater or less than zero LSB. A missing 
code has zero occurrences, and will appear as a 
DNL of -1 LSB. 

Integral Nonlinearity 

Integral nonlinearity is defined as the deviation 
of the transfer function from an ideal straight line 
through zero and full scale. Even if differential 
linearity errors are small, they may combine to 
produce a gross INL error at some point in the 
transfer function. A unique calibration algorithm, 
a lack of superposition of errors due to a 
capacitor based DAC, and low capacitor voltage 
coefficient keep INL errors below ±1/2 LSB. 



Clock Feedthrough 

Maintaining the integrity of analog signals in the 
presence of digital switching noise is a difficult 
problem. The CS5012 can be synchronized to 
the digital system using the CLKIN input to 
avoid conversion errors due to asynchronous 
interference. However, digital interference will 
still affect sampling purity due to coupling 
between the CS5012's analog input and master 
clock. 

The effect of clock feedthrough depends on the 
sampling conditions. If the sampling signal at the 
HOLD input is synchronized to the master clock, 
clock feedthrough will appear as a dc offset at 
the CS5012's output. The offset could theoreti- 
cally reach the peak coupling magnitude (Figure 
14), but the probability of this occurring is small 
since the peaks are spikes of short duration. 



Master Clock 
Int/Ext Freq 


Analog Input 
Source Impedance 


Clock Feedthrough 
RMS Peak-to-Peak 


Internal 2MHz 


50 O 


15uV 70uV 


External 2MHz 


50n 


25uV 110uV 


External 4MHz 


50 


40uV 150uV 


External 4MHz 


25 


25uV 110uV 


External 4MHz 


200 


80uV 325uV 



Figure 14. Examples of Measured Clock Feedthrough 
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Figure 13. CS5012 Differential Nonlinearity Plot 
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If sampling is perfonned asynchronously with 
the master clock, clock feedthrough will appear 
as an ac error at the CS5012's output. With a 
fixed sampling rate, a tone will appear as the 
clock frequency aliases into the baseband. The 
tone frequency can be calculated using the equa- 
tion below and could be selectively filtered in 
software using DSP techniques. 

ftone= (Nfs- fclk> 
where N=f ^jj^/f g rounded to the nearest integer 



The magnitude of clock feedthrough depends on 
the master clock conditions and the source 
impedance applied to the analog input. When 
operating with the CS5012's internally generated 
clock, the CLKIN input is grounded and the 
dominant source of coupling is through the 
device's substrate. As shown in Figure 14, a 
typical CS5012 operating with its internal 
oscillator at 2MHz and 50Q of analog input 
source impedance wil exhibit only 15\N rms of 
clock feedthrough. However, if a 2MHz extemal 
clock is applied to CLKIN under the same 
conditions, feedthrough increases to 25|jV rms. 
Feedthrough also increases with clock 
frequency; a 4MHz clock yields 40|JV rms. 

Clock feedthrough can be reduced by limiting 
the source impedance applied at the analog 
input. As shown in Figure 14, reducing source 
impedance from 50Q to 25^ yields a 15jjV rms 
reduction in feedthrough. Therefore, when 
operating the CS5012 with high-frequency 
external master clocks, it is important to 
minimize source impedance applied to the 
CS5012's input. 

Also, the overall effect of clock feedthrough can 
be minimized by maximizing the input range and 
LSB size. The reference voltage applied to 
VREF can be maximized, and the CS5012 can 
be operated in bipolar mode which inherently 
doubles the LSB size over the unipolar mode. 



Power Supply Rejection 

The CS5012's power supply rejection 
performance is enhanced by the on-chip self- 
calibration and an "auto-zero" process. Drifts in 
power supply voltages at frequencies less than 
the calibration rate have negligible effect on the 
CS5012's accuracy. This, of course, is because 
the CS5012 adjusts its offset to within a small 
fraction of an LSB during calibration. 

Above the calibration frequency the excellent 
power supply rejection of the internal amplifiers 
is augmented by an auto-zero process. Any 
offsets are stored on the capacitor array and are 
effectively subtracted once conversion is 
initiated. Figure 15 shows power supply 
rejection of the CS5012 in the bipolar mode with 
the analog input grounded and a 300mV p-p 
ripple applied to each supply. Power supply 
rejection improves by 6dB in the unipolar mode. 

Notches of increased rejection arise from the 
auto-zeroing at the conversion rate. The frequen- 
cies at which these notches occur also depend on 
the value of the captured analog input. The line 
shows worst-case rejection for all combinations 
of conversion rates and input conditions in the 
bipolar mode. Again, power supply rejection is 
6dB better in the unipolar mode. 





Ikliz lOkHz lOOkHz 1 MH 

Power Supply Ripple Frequency 

Figure 15. Power Supply Rejection 
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Aperture Jitter 

Track-and-hold amplifiers commonly exhibit 
two types of aperture jitter. The first, more 
appropriately termed "aperture window", is an 
input voltage dependent variation in the aperture 
delay. Its signal-dependency causes distortion at 
high frequencies. The CS5012's proprietary 
architecture avoids applying the input voltage 
across a sampling switch, thus avoiding any 
"aperture window" effects. The second type of 
aperture jitter, due to component noise, assumes 
a random nature. With only lOOps peak-to-peak 
aperture jitter, the CS5012 can process full-scale 
signals up to 1/2 the throughput frequency 
without any errors due to aperture jitter. 
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HOLD 


cs 


CAL 


INTRLV 


RD 


AO 


RST 


Function 
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X 


X 


X 


X 







Hold and Start Convert 


X 





1 


X 


X 







Initiate Burst Calibration 


1 








X 


X 







Stop Burst Cal and Begin Track 


X 





X 





X 







Initiate Interleave Calibration 


X 





X 


1 


X 







Terminate Interleave Cal 


X 





X 


X 










Read Output Data 


1 





X 


X 











Read Status Register 


X 


1 


X 


X 


X 


* 


X 


High Impedance Data Bus 


X 


X 


X 


X 


1 


* 


X 


High Impedance Data Bus 


X 


X 


X 


X 


X 


X 


1 


Reset 








X 


X 


X 





X 


Reset 



* The status of AO is 
reset will result. 



not critical to the operation specified. However, AO should not be low with CS and HOLD low, or a software 



CS5012 Truth Table 



+5V 

Analog o- 
Supply 



Oj[uF 



Analog 
Signal < 
Source 



Signal 
Conditioning' 



_M 



/ 



Voltage 
Reference 



0-*^VREF 
or 
+VREF 



M 



4-1 O.OlluF 



V 



0.1 



-5V 

Analog o- 
Supply 



27 



uF 



29 
O.lfuF 



25 

-Vir- 



ion 



BW 
BP/UP 



CLKIN. 



CS5012 



SDATA 
SCLK 



AIN 



D0-D15 



EOC 

EOT 

HOLD 

CAL 

INTRLV 

CS 



VREF 

AGND 

REFBUF 

VA- 



RD^ 



ir 



AO 

RESET 

TST 

DGND 

VD 



ion 

-AAV- 



-^ 



33 



24 



0.1 



Mode 
Select 



uF 




,20 


Clock 
Source 
(optional) 








40 , 


Serial 

Data 
Interface 
(optional) 


39 , 








8 or 16" 

1 ^ 


Data 
Processor 



38 



37 



35 



.34 



23 



ConU-ol 
Logic 



.32 



31 



Reset 
Generator 



O.lluF 



1 



System Connection Diagram 
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HOLD 

DATA BUS BIT 

DATA BUS BIT 1 

DATA BUS BIT 2 

DATA BUS BIT 3 

DATA BUS BIT 4 

DATA BUS BIT 5 

DATA BUS BIT 6 

DATA BUS BIT 7 

DIGITAL GROUND 

POSITIVE DIGITAL POWER 

DATA BUS BIT 8 

DATA BUS BIT 9 

DATA BUS BIT 10 

DATA BUS BIT 11 

DATA BUS BIT 12 

DATA BUS BIT 13 

DATA BUS BIT 14 

DATA BUS BIT 15 

CLOCK INPUT 



FTODB 

DO 

01 

02 

03 

04 

05 

06 

07 

OGNO 

V0+ 

08 

09 
010 
Oil 
012 
013 
014 
015 
CLKIN C 



ci#^^ 


40] 


C2 


39] 


[3 


381 


[4 CSS012 


37] 


[5 


36] 


[6 


35] 


[7 


34] 


[8 


33] 


C9 


32] 


[10 


31] 


[11 


30] 


[12 


29] 


[13 


28] 


[14 


27] 


[15 


26] 


[16 


25] 


[17 


24] 


[18 


23] 


[19 


22] 


[20 


21] 



SOATA 


SERIAL OUTPUT 


SCLK 


SERIAL CLOCK 


EOC 


END OF CONVERSION 


EOT 


END OF TRACK 


VO- 


NEGATIVE DIGITAL POWER 


CAL 


CALIBRATE 


INTRLV 


INTERLEAVE 


BW 


BUS WIDTH SELECT 


RST 


RESET 


TST 


TEST 


VA- 


NEGATIVE ANALOG POWER 


REFBUF REFERENCE BUFFER OUTPUT 


VREF 


VOLTAGE REFERENCE 


AGNO 


ANALOG GROUND 


AIN 


ANALOG INPUT 


VA+ 


POSITIVE ANALOG POWER 


BP/UP 


BIPOLAR/UNIPOLAR SELECT 


AO 


READ ADDRESS 


m 


READ 


CS 


CHIP SELECT 



Power Supply Connections 

VD+ - Positive Digital Power, PIN 11. 

Positive digital power supply. Nominally +5 volts. 

VD- - Negative Digital Power, PIN 36. 

Negative digital power supply. Nominally -5 volts. 

DGND - Digital Ground, PIN 10. 

Digital ground reference. 

VA+ - Positive Analog Power, PIN 25. 

Positive analog power supply. Nominally +5 volts. 

VA- - Negative Analog Power, PIN 30. 

Negative analog power supply. Nominally -5 volts. 

AGND - Analog Ground, PIN 27. 

Analog ground reference. 
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Oscillator 

CLKBV - Clock Input, PIN 20. 

All conversions and calibrations are timed from a master clock which can either be supplied by 
driving this pin with an external clock signal, or can be internally generated by tying this pin to 
DGND. 



Digital Inputs 

HDDJ. Hold, PIN 1. 

A falling transition on this pin sets the CS5012 to the hold state and initiates a conversion. This 
input must remain low at least one master clock cycle plus 50ns. 

C5- Chip Select, PIN 21. 

When hig h, the data bus outputs axe held in a high impedance state and the input to CAL and 
INTRLV are ignored. A falling trans ition initi ates or terminates burst or interleave calibration 
(depending on the status of CAL and INTRLV) and a rising transition latches both the CAL and 
INTRLV inputs. If RD is low, the data bus is driven as indicated by BW and AO. 

Rn.Read,PBV22. 

When RD and CS are both low, data is driven onto the data bus. If either signal is high, the data 
bus outputs are held in a high impedance state. The data driven onto the bus is determined by 
BWandAO. 

AO - Read Address, PIN 23. 

Determines whether data or status information is placed onto the data bus. When high during 
the read operation, converted data is placed onto the data bus; when low, the status register is 
driven onto the bus. 

BP/DP. Bipolar/Unipolar Input Select, PIN 24. 

When high, the device is configured with a bipolar transfer function ranging from -VREF to 
+VREF. Encoding is in an offset binary format, with the mid-scale code 100...0000 centered at 
AGND. When low, the device is configured for a unipolar transfer function from AGND to 
VREF. Unipolar encoding is in straight binary format. 

RST- Reset, PIN 32. 

When taken high, all internal digital logic is reset. Upon being taken low, a full calibration 
sequence is initiated. 
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B W - Bus Width Select, PIN 33. 

When hard-wired high, all 12 data bits are driven onto the bus simultaneously during a data 
read cycle. When low, the bus is in a byte wide format. On the first read following a conversion, 
the eight MSB's are driven onto D7-D0. A second read cycle places the four LSB's with four 
trailing zeroes on D7-D0. Subsequent reads will toggle the higher/lower order byte. Regardless 
of BW's status, a read cycle with AO low yields the status information on D7-D0. 

INtftLV - Interleave, PIN 34. 

When latched low using US, the device goes into interleave calibration mode. A full calibration 
will complete every 79,192 conversions. The effective conversion time extends by 20 clock 
cycles. 

CAL - Calibrate, PIN 35. (See note on page 29.) 

When latched high using C5, burst calibration results. The device cannot perform conversions 
during the calibration period which will terminate only once CAL is latched low again. 
Calibration picks up where the previous calibration left off, and calibration cycles complete 
every 1,443,840 master clock cycles. If the device is converting when a calibration is signaled, 
it will wait until that conversion completes before beginning. 



Analog Inputs 

AIN - Analog Input, PIN 26. 

Input range in unipolar mode is zero volts to VREF. Input range in bipolar mode is 
-VREF to +VREF. The output impedance of buffer driving this input should be less than or 
equal to 200Q. 

VREF - Voltage Reference, PIN 28. 

The analog reference voltage which sets the analog input range. It represents positive full scale 
for both bipolar and unipolar operation, and its magnitude sets negative full scale in bipolar 
mode. The allowable range for VREF is 2.5 V to 4.5 V. 



Digital Outputs 

DO through D15 - Data Bus Outputs, PINS 2 thru 9, 12 thru 19. 

3-state output pins. Enabled by C5 and RD, they offer the converter's 12-bit output in a format 
consistent with the state of BW if AO is high. If AO is low, bits D0-D7 offer status register. 

EOT - End Of Track, PIN 37. 

If low, indicates that enough time has elapsed since the last conversion for the device to acquire 
the analog input signal (3.75iis for 4MHz external clock). 
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EOC - End Of Conversion, PIN 38. 

This output indicates the end of a conversion or calibration cycle. It is high during a conversion 
and will fall to a low state upon completion of the conversion cycle indicating valid data is 
available at the output. Returns high on the first subsequent read or the start of a new 
conversion cycle. 

SDATA - Serial Output, PIN 40. 

Presents each output data bit after it is determined by the successive approximation algorithm. 
Valid on the rising Qdge of SCLK, data appears MSB first, LSB last, and each bit remains valid 
until the next bit appears. 

SCLK - Serial Clock Output, PIN 39. 

Used to clock converted output data serially from the CS5012. Serial data is stable on the rising 
edge of SCLK. 



Analog Outputs 

REFBUF - Reference Buffer Output, PIN 29. 

Reference buffer output. A 0.1)liF ceramic capacitor must be tied between this pin and VA». 

I 

Miscellaneous 

TST- Test, PIN 3L 

Allows access to the CS5012's test functions which are reserved for factory use. Must be tied to 
DGND. 
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ERROR DEFINITIONS 



Linearity Error - The deviation of a code from a straight line passing through the endpoints of the 
transfer function after zero- and full-scale errors have been externally calibrated. "Zero-scale" is 
a point 1/2 LSB below the first code transition and "full-scale" is a point 1/2 LSB beyond the 
code transition to all ones. The deviation is measured from the middle of each particular code. 
Units in LSB's. 

Differential Linearity - The deviation of a code's width from the ideal width. Units in LSB's. 

Full Scale Error - The deviation of the last code transition from the ideal (VREF-3/2 LSB's) after all 
offsets have been accounted for. Units in LSB's. 

Unipolar Offset - The deviation of the first code transition from the ideal (1/2 LSB above AGND) 
when in unipolar mode (BP/UP low). Units in LSB's. 

Bipolar Offset - The deviation of tiie mid-scale transition (011...111 to 100...000) from the ideal 
(1/2 LSB below AGND) when in bipolar mode (BP/UP high). Units in LSB's. 

Bipolar Negative Full-scale Error - The deviation of the first code transition from the ideal when in 
bipolar mode (BP/UP high). The ideal is defined as lying on a straight line which passes 
through the final and mid-scale code transitions. Units in LSB's. 

Total Unadjusted Error - The worst-case combination of offset error, full-scale error, and linearity 
error. Units in LSB's. 

Aperture Time - The time required after the hold command for the sampling switch to open fully. 
Effectively a sampling delay which can be nulled by advancing the sampling signal. Units in 
nanoseconds. 

Aperture Jitter - The range of variation in the aperture time. Effectively the "sampling window" 
which ultimately dictates the maximum input signal slew rate acceptable for a given accuracy. 
Units in picoseconds. 



Note: Temperatures specified define ambient conditions in free-air during test and do not refer to the 

junction temperature of the device. 
g_ DS15F2 



CS50T2 



Ordering Guide 

Model 
CS5012-KP24 
CS5012-KP12 
CS5012-KP7 
CS5012-BC24 
CS5012-BC12 
CS5012-BC7 
CS5012-TC24 
CS5012-TC12 



24.50 |xs 
12.25 ms 

7.20 |LIS 
24.50 \xs 
12.25 ns 

7.20 ns 
24.50 \iS 
12.25 ns 



to +70 °C 40-Pin Plastic DIP 

to +70 '^C 40-Pln Plastic DIP 

to +70 ^C 40-Pln Plastic Dl P 

-40 to +85 ^'C 40-Pin Ceramic Side-Brazed DIP 

-40 to +85 °C 40-Pin Ceramic Side-Brazed DIP 

-40 to +85 °C 40-Pin Ceramic Side-Brazed DIP 

-55 to +1 25 ^C 40-Pin Ceramic Side-Brazed DIP 

-55 to +1 25 ^'C 40-Pin Ceramic Side-Brazed DIP 



ADDENDUM 

Burst Calibration 

Burst calibration mode allows control of partial calibration cycles. Due to an unforeseen condition 
inside the part, asynchronous termination of calibration (CAL brought low) may result in a sub-optimal 
calibration result. It is recommended that burst calibration is not used, until the silicon is revised to 
prevent this effect. 

The reset and interleave mode work perfectly, and should be used instead of burst mode. The CS5012's 
very low drift over temperature means that, under most circumstances, calibration need only be 
performed at power-up, using reset (See Analog Characteristics table on the second page of this data 
sheet). 

If you wish to use burst calibration, then please contact the factory for advice and new part availability 
information. 
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14'Bit, 14us Self'Calibrating A/D Converter 



Features 

• Monolithic CMOS A/D Converter 

Microprocessor Compatible 
Parallel and Serial Output 
Inherent Track/Hold Input 

• True 14-Bit Precision 

Linearity Error: + 1/4 LSB 
Total Unadjusted Error: + 1 LSB 
No Missing Codes 

• 1 4.25 Microsecond Conversion Time 

Throughput Rates up to 56kHz 

• Self Calibration Maintains Accuracy 
Over Time and Temperature 

• Low Power Dissipation: 120mW 

• Pin Compatible with CS501 2/CS501 6 



General Description 

The CS5014 is a 14-blt monolithic CMOS analog to digital 
converter with 14.25 microsecond conversion time. Unique 
self-calibration circuitry, which can be under intelligent 
control, insures maximum nonlinearity of 1/2 LSB and no 
missing codes. Offset and full scale errors are kept within 
1/2 LSB, eliminating the need for manual calibration of 
any kind. Unipolar and bipolar input ranges are digitally 
selectable. 

The CS5014 consists of a DAC, conversion and calibration 
microcontroller, oscillator, comparator, microprocessor 
compatible 3-State I/O, and calibration circuitry. 
The Input track-and-hold, inherent to the device's 
sampling architecture, acquires the analog input signal 
after each conversion within 3.75us to 0.003%, allowing 
throughput rates up to 56kHz. 

The CS5014 is pin compatible with the CS5012 and 
CS5016 A/D converters allowing system upgrading 
and downgrading without hardware alterations. 

ORDERING INFORMATION: Page 57 




HOLD CS RD AO BP/UP RST BW INTRLV CAL EOT BOC SCLK SDATA 



VREF ft- 



1 21 22 23 24 32 33 34 35 37 38 39 40 



CLOCK 
GENERATOR 
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CAUBRATION 
MEMORY 
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ANALOG CHARACTERISTICS (Ta = 25^C; va+,vd+ = sv. va-.vd- = -sv; vref = 
fcik = 4MHz for -14, 2MHz for -28; Analog Source Impedance = 200 a unless othenwise specified) 


4.5V; 


Parameter * 


CS5014-K 
min typ max 


CS5014-B 
min typ 


max 


CS5014-T 
min typ max 


Units 


Specified Temperature Range 


to +70 


-40 to +85 


-55 to +125 


^C 


Accuracy 


Linearity Error 

Tmin^^T^ax (Notel) 


±1/4 


±1/2 


±1/4 


±1/2 


±1/4 ±1/2 


LSB 


Differential Linearity 

Tmin^°T^ax (Notes 1.2) 


±1/4 


±1/2 


±1/4 


±1/2 


±1/4 ±1/2 


LSB 


Full Scale Error (Notel) 
Tmin^Tr^ax (Note 3) 


±1/2 
±1/4 


±1 


±1/2 
±1/4 


±1 


±1/2 ±1 
±1/2 


LSB 
ALSB 


Unipolar Offset (Notel) 
Tmin^Tn^ax (Note 3) 


±1/4 
±1/4 


±3/4 


±1/4 
±1/4 


±3/4 


+ 1/4 ±3/4 
±1/2 


LSB 
ALSB 


Bipolar Offset (Notel) 
Tmin^oTn^ax (Note 3) 


±1/4 
±1/4 


±3/4 


±1/2 
±1/2 


±3/4 


±1/2 ±3/4 
±1/2 


LSB 
ALSB 


Bipolar Negative Full-Scale Error 
(Notel) 
"^min ^° "^max (Note 3) 


±1/2 
±1/4 


±1 


±1/2 
±1/4 


±1 


±1/2 ±1 
±1/2 


LSB 
ALSB 


Total Unadjusted Error (Note 1 ) 
Tmin^°'^max (Note 3) 


±1 
±1/2 


±1 
±1 


±1 
±1 


LSB 
ALSB 


Noise Unipolar Mode 
(Note 4 ) Bipolar Mode 


45 
90 


45 
90 


45 
90 


uVrms 
uVrms 


Analog Input 


Aperture Time 


25 


25 


25 


ns 


Aperture Jitter 


100 


100 


100 


ps 


Aperture Time Matching (Note 5) 


TBD 


TBD 


TBD 


ns 


Full Power Bandwidth (Note 6) 


28 


28 


28 


kHz 


Input (Note 7) Unipolar Mode 
Capacitance Bipolar Mode 


275 
165 


375 
220 


275 
165 


375 
220 


275 375 
165 220 


PF 
PF 



Notes: 1 . Applies after calibration at any temperature witnin the specified temperature range. 

2. No missing codes guaranteed. 

3. Total drift over specified temperature range since calibration at power-up at 25°C. 

4. Wideband noise aliased into baseband. Referred to input. 

5. Part to part. 

6. VIn = 9V p-p. Refer to Analog Input Section on page 45 for discussion of input slew rate. 

7. Applies only in track mode. When converting or calibrating, Input capacitance will not exceed 15 pF. 

* Refer to Error Definitions on page 56. 



Specifications are subject to change without notice. 
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ANALOG CHARACTERISTICS (continued) 














Parameter 


CS5014-K 
min typ 


max 


CS5014-B 
mIn typ 


max 


CS5014-T 
mfn typ 


max 


Units 


Conversion & Throughput 


Conversion Time -14 
(Notes 8,9) -28 


14.25 
28.5 


14.25 
28.5 


14.25 
28.5 


us 
us 


Acquisition Time -14 
(Note 9) -28 


3.0 
4.5 


3.75 
5.25 




3.0 
4.5 


3.75 
5.25 


3.0 
4.5 


3.75 
5.25 


us 
us 


Throughput -14 
(Note 9) -28 


55.6 
29.6 


55.6 
29.6 


55.6 
29.6 


kHz 
kHz 


Power Supplies 


DC Power Supply Currents (Note 1 0) 

|a. 

'd+ 
Id- 


9 
-9 

3 
-3 


19 
-19 

6 
-6 




9 
-9 

3 
-3 


19 
-19 

6 
-6 


9 
-9 

3 
-3 


19 

19 

6 

-6 


mA 
mA 
mA 
mA 


Power Dissipation (Note 1 0) 


120 


250 




120 


250 


120 


250 


mW 


Power Supply Rejection (Note 1 1 ) 
Positive Supplies 
Negative Supplies 


84 
84 


84 
84 


84 
84 


dB 
dB 



Notes: 8. Measured from falling transition on HOLD to falling transition on EOC. 

9. Conversion, acquisition, and throughput times depend on the master clock, sampling and calibration 
conditions. The numbers shown assume sampling and conversion is synchronized with the CS5014's 
conversion clock, interleave calibrate is disabled, and operation is from the full-rated external 
clock. A detailed discussion of conversion timing appears on page 39. 
All outputs unloaded. All inputs CMOS levels. 

With 300m p-p, 1kHz ripple applied to each analog supply separately in the bipolar mode. Rejection 
Improves by 6dB in the unipolar mode to 90dB. A plot of typical power supply rejection versus 
frequency appears on page 49. 




10. 
11. 
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SWITCHING CHARACTERISTICS (Ta = Tmm to Tmax ; 

VA+, VD+ = 5V ± 10%; VA-, VD- = -5V ±10%; Input Levels: Logic = OV. Logic 1 = VD+; Cu = 50pl=) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Master Clock Frequency: 

Internally Generated: -14 

-28 
Externally Supplied: -14 

-28 


fcLK 


2 

1 


- 


4 
2 


MHz 


Master Clock Duty Cycle 


- 


30 


- 


70 


% 


Rise Times: Any Digital Input 
Any Digital Output 


Uise 


: 


20 


1.0 


us 
ns 


Fall Times: Any Digital Input 
Any Digital Output 


^fall 


: 


20 


1.0 


us 
ns 




^hpw 


1/fCLK + 50 




tc 


ns 


HOLD Pulse Width 


Conversion Time 


tc 


(Note 12) 




(Note 12) 


us 


Data Delay Time 


tdd 


- 


40 


100 


ns 


EOC Pulse Width (Note 13) 


tepw 


4/fCLK-20 


- 


- 


ns 




tcs 
tas 


20 
20 


10 
10 


- 


ns 


Set Up Times: CAL. INTRLV to CS Low 
AOtoCSandRDLow 


Hold Times: 

CS or RD High to AO Invalid 
CS High to CAL, INTRLV Invalid 


tah 
tch 


50 
50 


30 
30 


- 


ns 


Access Times: CS Low to Data Valid 
-K, B 
-T 
RD Low to Data Valid 
-K. B 
-T 


tea 
tra 


- 


90 
115 

90 
115 


120 
150 

120 
150 


ns 
ns 


Output Float Delay: -K, B 
CS or RD High to Output Hi-Z -T 


tfd 




50 
50 


110 
140 


ns 


Serial Clock Pulse Width Low 
Pulse Width High 


tpwl 
tpwh 


- 


2/fCLK 
2/fCLK 


- 


ns 


Set Up Times: SDATA to SCLK Rising 


tss 


2/fcLK-100 


2/fCLK 


_ 


ns 


Hold Times: SCLK Rising to SDATA 


tsh 


2/fcLK-100 


2/fCLK 


■ 


ns 



Notes: 12. See T able 1 and master clock frequencies above. 

13. EGG remains low 4 master clock cycles if GS and RD are held low. Otherwise, it returns high 
within four master clock cycles from the start of a data read operation or a conversion cycle. 
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Itrise tfall 

90% 90i5 

10% 10% 

Rise and Fall Times 



SCLK 
SDATA 



CS" 



RD 



AO 



'pwl' 



J 



D0-D15 



CAL. INTRLV 



HOLD 



•—t 



pwh 



\ 



•-Us— J* 



-tsh- 



Serial Output Timing 



\ 



^ taH 



JL 



Hi-Z 



•— tcs— • 



X 



r 



tah- 



tfd 



J>( 



tch 



Read and Calibration Control Timing 



' — thpw— • 



^ //////// 

Output Data 



L epw- 



, — tdd- 



LAST CONVERSION DATA VALID 



:x 



Hi-Z 



'TTTTT. 



) ( NEW 



DATA VALID 



Conversion Timing 



DS12F3 



6-35 



CS5014 



DIGITAL CHARACTERISTICS (TA = TmlntoTmax; VA+,VD+ = 5V±10%; VA-,VD- = -5V±10%) 
All measurements below are performed under static conditions. 


Parameter 


Symbol 


MIn 


Typ 


Max 


L Units 


High-level Input Voltage 


V|H 


2.0 


- 


- 


V 


Low-Level Input Voltage 


V|L 


- 


- 


0.8 


V 


High-Level Output Voltage (Note 14) 


VOH 


VD+-1.0V 


- 


- 


V 


Low-Level Output Voltage lout«1 .6mA 


Vol 


- 


- 


0.4 


V 


Input Leakage Current 


'in 


- 


- 


10 


uA 


3-State Leakage Current 


'oz 


- 


- 


±10 


uA 


Digital Output Pin Capacitance 


Cout 


- 


9 


- 


PF 



Notes: 14. lout = -lOOiiA. This specification guarantees TTL compatibility (VOH=2.4V @ lout=-40nA). 



RECOMMENDED OPERATING CONDmONS (AGND, dgnd = ov, see Note 15.) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Power Supplies: Positive Digital 
Negative Digital 
Positive Analog 
Negative Analog 


VD+ 
VD- 
VA+ 
VA- 


4.5 
-4.5 

4.5 
-4.5 


5.0 
-5.0 

5.0 
-5.0 


VA+ 

-5.5 

5.5 

-5.5 


V 
V 
V 
V 


Analog Reference Voltage 


VREF 


2.5 


4.5 


VA+ - 0.5 


V 


Analog Input Voltage: Unipolar 
(Note 16) Bipolar 


Vain 
Vain 


AGND 

-VREF 

1 


- 


VREF 
VREF 


V 
V 



Notes: 15. All voltages with respect to ground. 

16. The CS5014 can accept input voltages up to the analog supplies (VA+ and VA-). It will output ail 1's 
for inputs above VREF and all O's for inputs below AGND in unipolar mode and -VREF in bipolar 
mode. 



ABSOLUTE MAXIMUM RATINGS (AGND. dgnd = OV, all voltages with respect to ground) 



Parameter 


Symbol 


Min 


Max 


Units 


DC Power Supplies: Positive Digital 
Negative Digital 
Positive Analog 
Negative Analog 


VD+ 
VD- 
VA+ 
VA- 


-0.3 
0.3 

-0.3 
0.3 


VA+ + 0.3 
-6.0 
6.0 
-6.0 


V 
V 
V 
V 


Input Current, Any Pin Except Supplies (Note 1 7) 


lin 


- 


±10 


mA 


Analog Input Voltage (AIN and VREF pins) 


V,NA 


VA- - 0.3 


VA+ + 0.3 


V 


Digital Input Voltage 


V,ND 


-0.3 


VA+ + 0.3 


V 


Ambient Operating Temperature 


Ta 


-55 


125 


•c 


Storage Temperature 


Ts, 


-65 


150 


•c 



Note: 1 7. Transient currents of up to 1 00mA will not cause SCR latch-up. 

Warning: Operation at or beyond these limits may result in permanent damages to the device. 
Normal operation is not guaranteed at these extremes. 
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THEORY OF OPERATION 

The CS5014 utilizes the most popular method of 
executing high-speed, high-resolution A/D 
conversion: successive approximation. As with 
all other iterative comparison methods, the 
analog input is successively compared to the 
output of a D/A converter controlled by the 
conversion algorithm. Successive approximation 
begins by comparing the analog input to the 
DAC output which is set to half-scale (MSB on, 
all other bits off). If the input is found to be 
below half-scale, the MSB is reset to zero and 
the input is compared to one-quarter scale (next 
MSB on, all others off). If the input were above 
half-scale, the MSB would remain high and the 
next comparison would be at three-quarters of 
full scale. This procedure continues until all bits 
have been exercised. 

The CS5014 implements the successive- 
approximation algorithm using a unique charge- 
redistribution architecture. Instead of the 
traditional resistor network, the DAC is an array 
of binary-weighted capacitors. All capacitors in 
the array share a common node at the 
comparator's input. Their other terminals are 
capable of being connected to AIN, AGND, or 
VREF (Figure 1). When the device is not 
calibrating or converting, all capacitors are tied 
to AIN forming Ctot Switch SI is closed and the 
charge on the array, Qin, tracks the input signal 
Vin (Figure 2a). 




-Qin = ^in ^tot 
Figure 2a. Tracking Mode 



When the conversion command is issued, switch 
SI opens as shown in Figure 2b. This traps 
charge Qin on the comparator side of the 
capacitor array and creates a floating node at the 
comparator's input. The conversion algorithm 
operates on this fixed charge, and the signal at 
the analog input pin is ignored. In effect, the 
entire DAC capacitor array serves as analog 
memory during conversion much like a hold 
capacitor in a sample/hold amplifier. 




DC 



VREF 



AGND 




ToMCU 



(l-D)Ctot 



for Vf^Q - OV 



VREF 

Figure 2b. Convert Mode 



AINo- 
VREFO- 
AGND*^ 



T T T T 



• • • • ■)) • 

l|l ill ill ill '' lll-iL 

C I C/ 2 I C /4 I C /8 I 08192 | C/8192 1 



Bit 13 Bit 12 Bit 11 Bit 10 

MSB 



T T 



^tot " ^ "^ ^^^ "^ ^"^ "^ "• ^^^^^^ 



Bit Dummy 
LSB 



S! 

-0-K>- 



^ 




Figure 1. Charge Redistribution DAC 
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The conversion consists of manipulating the free 
plates of the capacitor array to VREF and AGND 
to form a capacitive divider. Since the charge at 
the floating node remains fixed, the voltage at 
that point depends on the proportion of 
capacitance tied to VREF versus AGND. The 
successive-approximation algorithm is used to 
find the proportion of capacitance, termed D in 
Figure 2b, which when connected to the 
reference will drive the voltage at the floating 
node (Vfn) to zero. That binary fraction of 
capacitance represents the converter's digital 
output. 



To achieve 14-bit accuracy from the DAC, the 
CS5014 uses a novel self-calibration scheme. 
Each bit capacitor shown in Figure 1 actually 
consists of several capacitors which can be 
manipulated to adjust the overall bit weight. 
During calibration, an on-chip nucrocontroller 
adjusts the sub-arrays to precisely ratio the bits. 
Each bit is adjusted to just balance the sum of all 
less significant bits plus one dummy LSB 
(for example, 16C = 8C + 4C + 2C + C + C). 
Calibration resolution for the array is a small 
fraction of an LSB resulting in nearly ideal 
differential and integral linearity. 



The CS5014's charge redistribution architecture 
easily supports bipolar input ranges. If half the 
capacitor array (the MSB capacitor) is tied to 
VREF rather than AIN in the track mode, the 
input range is doubled and is offset half-scale. 
The magnitude of the reference voltage thus 
defines both positive and negative full-scale 
(-VREF to 4-VREF), and the digital code is an 
offset binary representation of the input. 

Calibration 



DIGITAL CIRCUIT CONNECTIONS 

The CS5014 can be applied in a wide variety 
of master clock, sampling, and calibration 
conditions which directly affect the device's 
conversion time and throughput. The device also 
features on-chip 3-state output buffers and a 
complete interface for connecting to 8-bit and 
16-bit digital systems. Output data is also 
available in serial format 



The ability of the CS5014 to convert accurately 
to 14-bits clearly depends on the accuracy of its 
comparator and DAC. The CS5014 utilizes an 
"auto-zeroing" scheme to null errors introduced 
by the comparator. All offsets are stored on the 
capacitor array while in the track mode and are 
effectively subtracted from the input signal when 
a conversion is initiated. Auto-zeroing enhances 
power supply rejection at frequencies well below 
the conversion rate. 



Master Clock 

The CS5014 operates from a master clock which 
can be externally supplied or internally 
generated. The internal oscillator is activated by 
externally tying the CLKIN input low. Alterna- 
tively, the CS5014 can be synchronized to the 
external system by driving the CLKIN pin with a 
TTL or CMOS clock signal. 




Master Clock JUUmnJUUl 
(Optional) 



Master Clock JUUmmUUl 
(Optional) 



HOLD 
CS5014 
EOT 

CLKIN 



Figure 3a. Asynchronous Sampling 



Figure 3b. Synchronous Sampling 
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All calibration, conversion, and throughput times 
directly scale to master clock frequency. Thus, 
throughput can be precisely controlled and/or 
maximized using an external master clock. In 
contrast, the CS5014's internal oscillator will 
vary from unit-to-unit and over temperature. Its 
tolerance gives rise to minimum and maximum 
conversion times and throughput rates. The -14 
version of the CS5014 is specified for accurate 
operation with an external clock up to 4MHz; its 
internal clock frequency is specified at a mini- 
mum of 2MHz. The -28 version can handle 
external clocks up to 2MHz; its internal clock 
can range as low as IMHz (see Switching 
Characteristics, page 34). Both versions can 
typically convert with clocks as low as lOkHz at 
room temperature. 

Initiating Conversions 



A falling transition on the HOLD pin places the 
input in the hold mode and initiates a conversion 
cycle. The BOLD input is latched internally by 
the master clock, so it can return high anytime 
after one master clock cycle plus 50ns. Upon 
completion of the conversion cycle, the CS5014 
automatically returns to the track mode. In 
contrast to systems with separate track-and-holds 
and A/D converters, a sampling clock can simply 
be connected to the HOLD input (Figure 3a). 
The duty cycle of this clock is not critical. It 
need only remain low at least one master clock 
cycle plus 50ns, but no longer than the minimum 
conversion time or an additional conversion 
cycle will be initiated with inadequate time for 
acquisition. 



CS5014 



Microprocessor-Controlled Operation 

Sampling and conversion can be placed under 
microprocessor control (Figure 4) by simply 
gating the device's decode d address with the 
write strobe for the HOLD input. Thus, a write 
cycle to the CS5014's base address will initiate a 
conversion (the data word is irrelevant). 
However, the write cycle must be to the odd 
address (AO high) to avoid initiating a software 
controlled reset (see Reset, page 41). 

The calibration control inputs, CAL, and 
UNTKLV are also internally latched by C5, so 
they must be in the appropriate state whenever 
the chip is selected during a read or write cycle. 
Address lines Al and A2 are shown connected to 
CAL and INTRLV in Figure 4 placing calibra- 
tion under microprocessor control as well. Thus, 
any read or write cycle to the CS5014's base ad- 
dress will initiate or terminate calibration. 

Conversion Time/Throughput 

Upon completing a conversion cycle and return- 
ing to the track mode, the CS5014 requires time 
to acquire the analog input signal before another 
conversion can be initiated. The acquisition time 
is specified as six master clock cycles plus 
2.25m,s. This adds to the conversion time to 
define the converter's maximum throughput. The 
conversion time of the CS5014, in turn, depends 
on the sampling, calibration, and master clock 
conditions. 



ADDR VALro — — PS 

AT* M 

Address 2\ Addr 

Bus • ) Dec 

A3^ u, 



A2- 
Al- 

AO- 



CAL 

INTRLV 




Figure 4a. Conversions Asynchronous to Master Clock Figure 4b. Conversions under Microprocessor Control 
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Asynchronous Sampling 

The CS5014 internally operates from a clock 
which is delayed and divided down from the 
master clock (fcLK/4). If sampling is not 
synchronized to this internal clock, the conver- 
sion cycle may not begin until up to four clock 
cycles after HOLD goes low even though 
the charge is trapped immediately. In this 
asynchronous mode (Figure 3a), the four clock 
cycles add to the minimum 57 clock cycles to 
define the maximum conversion time (see Figure 
5a and Table 1). 









HOLD \ 
Input 


s /////// 

4 Convwsion * 


s /// 


Output /// 

EOT 
Output / 


^2/// ^^ 


. ///////// 


4 


^Acquisition"* 


\ / 




<m/ \ \^ 


^//m 




t i * .♦ 



Synchronization Uncertainty (4 cycles) 

Figure 5a. Asynchronous Sampling (External Clock) 



Synchronous Sampling 

To achieve maximum throughput, sampling can 
be synchronized with the internal conversion 
clock by connecting the End-of-Track (EOT) 
output to HOLD (Figure 3b). T he EOT output 
falls 15 master clock cycles after EOC indicating 
the analog input has been acquired to the 
CS5014's specified accuracy. The EOT output is 
synchronized to the internal conversion clock, so 
the four clock cycle synchronization uncertainty 
is removed yielding throughput at l/72nd of the 



HOLD - 
Input 



EOC 

Output . 



1 / Throughpx 
' (72 cycles) 



y 



Conversion 
(57gygte) 



Ortjit Vy Acquisition (15 cycles) 



f 



Figure 5b. Synchronous (Loopback) Mode 



master clock frequency (see Figure 5b and 
Table 1). 

Also, the CS5014's internal RC oscillator ex- 
hibits significant jitter (typically ± 0.05% of its 
period), which is high compared to crystal oscil- 
lators. If the CS5014 is configured for 
synchronous sampling while operating from its 
internal oscillator, this jitter will directly affect 
sampling purity. 



The EOT output is an accurate indicator of the 
CS5014's acquisition requirement when operat- 
ing at the -14 version's full rated speed (3.75|xs 
with a 4MHz master clock). However, EOT will 
allow the CS5014 more acquisition time than 
necessary w hen o perating with a clock less than 
4MHz. The EOT outpu t always falls 15 master 
clock cycles after EOC. The CS5014 only needs 
3.75^is (six cycles @4MHz plus 2.25^is). When 
operating the -28 with a master clock of 2MHz 
or less, higher throughput can be achieved than 
in the loopback configuration by using an exter- 
nal counter. The counter should be reset by the 
falling edge of EOC and count the appropriate 
number of clock cycles after each conversion. 
When the total time is greater than six clock 



Sampling Mode 
Synchronous (Loopback) 
Asynchronous 



Conversion Time 

min max 

571 57T 

57T 61T + 235ns 

(T s one master clock cycle) 



Throughput Time 

min max 

72T 72T 

N/A 67T + 2.25^is 



Table 1. Conversion and Throughput Times 
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cycles plus 2.25iis the counter can trigger a new microprocessor control. The CS5014 will reset 



conversion at HOLD. For example, when using a 
2MHz clock, 2.25|xs takes between four and five 
clock cycles. When six cycles are added to this it 
is seen that the counter should trigger a new 
conversion at the eleventh clock cycle. 

Reset 

Upon power up, the CS5014 must be reset to 
guarantee a consistent starting condition and 
initially calibrate the device. Due to the 
CS5014's low power dissipation and low 
temperature drift, virtually no warm-up time is 
required before reset to accommodate any self- 
heating effects. However, the voltage reference 
input should have stabilized to within 1% of its 
final value before RST falls to guarantee an 
accurate calibration. Later, the CS5014 may be 
reset at any time to initiate a single full calibra- 
tion. Reset overrides all other functions. If reset, 
the CS5014 will clear and initiate a new calibra- 
tion cycle mid-conversion or mid-calibration. 



f-^-- 



CS5014 
RST 



Figure 6. Power-On Reset Circuitry 



Resets can be initiated in hardware or software. 
The simplest method of resetting the CS5014 
involves strobing the RST pin high. When RST 
is brought high all internal logic clears. When it 
returns low a full calibration begins which takes 
1,443,840 master clock cycles (approximately 
360ms with a 4MHz clock) to complete. A 
simple power-on reset circuit can be built using a 
resistor and capacitor, and a Schmidt-trigger 
inverter to prevent oscillation (see Figure 6). The 
CS5014 can also be reset in software when under 



whenever CS, AO, and HOLD are taken 
low simultaneously. See the Microprocessor 
Interface section on page 42 to eliminate the 
possibility of inadvertent software reset. The 
Hoc output remains high throughout the reset 
operation and will fall upon its completion. It 
can thus be used to generate an interrupt indicat- 
ing the CS5014 is ready for operation. Six 
master clock cycles plus 2.25|xs must be allowed 
after EOC falls to allow for acquisition. Under 
microprocessor-independent operation with 
3-states permanently enabled (pS, RD low; AO 
high) the EOC output will not fall at the comple- 
tion of the reset operation. 

Initiating Calibration 

All modes of calibration can be controlled in 
hardware or software. Accuracy can thereby be 
insured at any time or temperature throughout 
operating life. After initial calibration at power- 
up, the CS5014's charge-redistribution design 
yields better temperature drift and more graceful 
aging than resistor-based technologies, so 
calibration is actually required less often than 
with traditional devices. 

The first mode of calibration, reset, results in a 
single full calibration cycle. The second type of 
calibration, termed "burst" cal, is useful when the 
ADC sees some downtime but not enough to 
perform a full reset calibration. Burst cal can be 
terminated mid-calibration; it picks up where it 
left off previously, so calibrations can be done in 
piecemeal fashion. Burst cal is initiated by bring- 
ing the CAL input high with CS low. The CAL 
input is level-triggered and latches on the rising 
QdgQ of CS, so a write cycle can be used to 
control calibration in software. Burst cal will 
continue to loop through calibration cycles until 
terminated. Once CAL returns low, at least 26 
master clock cycles plus 2.25|is (8.75jlis @ 
4MHz clock) must be allowed before a con- 
version is initiated to ensure the CS5014 has 
completed its calibration experiment and has 
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acquired the analog input. The EOC output indi- 
cates the completion of the final calibration 
experiment. (See note on page 57.) 

The CS5014 features a background calibration 
mode called "interleave." Interleave appends a 
single calibration experiment to each conversion 
cycle and thus requires no dead time for calibra- 
tion. The CS5014 gathers data between conver- 
sions and will adjust its transfer function once it 
completes the entire sequence of experiments 
(one calibration cycle per 72,192 conversions). 
Initiated by bringing both the INTRLV input and 
CS low (or hard- wiring INTRLV low), interleave 
extends the CS5014's effective conversion time 
by 20 master clock cycles (5|is @ 4MHz). Other 
than reduced throughput, interleave is totally 
transparent to the user. 

Burst calibrations initiated at CAL pick up where 
interleave left off, so calibration cycles can be 
hastened by "bursting" a number of experiments 
whenever the CS5014 sees free time. Interleave 
is subordinate to burst calibrations, so INTRLV 
could still be externally tied low. 

Microprocessor Interface 

The CS5014 features an intelligent micro- 
processor interface which offers detailed status 
information and allows software control of the 



self-calibration functions. Output data is 
available in either 8-bit or 16-bit formats for easy 
interfacing to industry-standard microprocessors. 

Strobing both CS and 1^ low enables the 
CS5014's 3-state output buffers with either 
output data or status information depending on 
the status of AO. An address bit can be connected 
to AO as shown in Figure 4b thereby memory 
mapping the status register and output data. 
Conversion status can be polled in software by 
reading the status register (CS and 1^ strobed 
low with AO low), and masking status bits S0-S5 
and S7 (by logically AND'ing the status word 
with 01000000) to determine the value of S6. 
Similarly, the software routine can determine 
calibration status using other status bits (see 
Table 2). Care must be taken not to read the 
status register (AO low) while HOLD is low, or a 
software reset will result (see Reset, page 41). 



Alternatively, the End-of-Convert (EOC) output 
can be used to generate an interrupt or drive a 
DMA controller to dump the output directly into 
memory after each conversion. The EOC pin 
falls as each conversion cycle is completed and 
data is valid at the output. It returns high within 
four master clock cycles of the first subsequent 
data read operation or after the start of a new 
conversion cycle. 



PIN 


STATUS BIT 

SO 


STATUS 


DO 


END OF CONVERSION 


D1 


S1 


RESERVED 


D2 


S2 
S3 


LOW BYTE/HIGH BYTE 


D3 


END OF TRACK 


D4 


S4 


RESERVED 


D5 


S5 


TRACKING 


D6 


S6 


CONVERTING 


D7 


S7 


CALIBRATING 



DEFINITION 

Falls upon completion of a conversion, 

and returns high on the first subsequent read. 

Reserved for factory use. 

When data is to be read in an 8-bit format (BW:=0), 
indicates which byte will appear at the output next. 

When low, indicates the input has been acquired to 
the devices specified accuracy. 

Reserved for factory use. 

High when the device is tracking the Intput. 

High when the device is converting the held input. 

High when the device is calibrating. 



Table 2. Status Bit Dermitions 
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To interface with a 16-bit data bus, the BW input 
to the CS5014 should be held high and all 14 
data bits read in parallel on pins D15-D2. With 
an 8-bit bus, the converter's 14-bit result must be 
read in two portions. In this instance, BW should 
be held low and the 8 MSB's obtained on the 
first read cycle following a conversion. The 
second read cycle will yield the 6 LSB's with 
two trailing zeroes. Both bytes appear on pins 
D0-D7. The upper/lower bytes of the same data 
will continue to toggle on subsequent reads until 
the next conversion finishes. Status bit S2 
indicates which byte will appear on the next data 
read operation. 

The CS5014 internally buffers its output data, so 
data can be read while the device is tracking or 
converting the next sample. Therefore, retrieving 
the converter's digital output requires no 
reduction in ADC throughput. Enabling the 3- 
state outputs while the CS5014 is converting will 
not introduce conversion errors. When TTL 
loads are utilized the potential for crosstalk 
between digital and analog sections of the 
system is increased. This crosstalk is due to high 
digital supply and signal currents arising from 
the TTL drive current required of each digital 
output. Connecting CMOS logic to the digital 
outputs is recommended. Suitable logic families 
include 4000B, 74HC, 74AC, 74ACT, and 
74HCT. 



The two calibration control inputs, CAL and 
INTRLV, are level-triggered and latched on the 
rising edge of CS. Calibration can be placed 
under software control by connecting address 
lines to the CAL and INTRLV inputs as shown 
in Figure 4a. Any read or write cycle to the 
CS5014's base address will thereby initiate or 
terminate calibration. 

Microprocessor Independent Operation 

The CS5014 can be operated in a stand-alone 
mode independent of intelligent control. In this 
mode, CS and RD are hard-wired low 
permanently enabling the 3-state output buffers. 
A free-running condition is established when 
BW is tied high, CAL is tied low, an d HO LD is 
continually strobed low or tied to EOT. The 
CS5014's EOC output can be used to externally 
latch the output data if desired. With C5 and RD 
hard-wired low, EOC will strobe low for four 
master clock cycles after each conversion. Data 
will be unstable up to 100ns after EOC falls, so it 
should be latched on the rising edge of EOC. 
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Figure 8. Microprocessor-Independent Connections 
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Serial Output 



Reference Considerations 



All successive-approximation A/D converters 
derive their digital output serially starting with 
the MSB. The CS5014 presents each bit to the 
SDATA pin four master clock cycles after it is 
derived and can be latched using the serial clock 
output, SCLK. Just subsequent to each bit 
decision SCLK will fall and return high once the 
bit infoimation on SDATA has stabilized. Thus, 
the rising edge of the SCLK output should be 
used to clock the data from the CS5014 (See 
Figure 9). 

ANALOG CIRCUIT CONNECTIONS 

Most popular successive-approximation A/D 
converters generate dynamic loads at their 
analog connections. The CS5014 internally 
buffers all analog inputs (AIN, VREF, and 
AGND) to ease the demands placed on external 
circuitry. However, accurate system operation 
still requires careful attention to details at the 
design stage regarding source impedances as 
well as grounding and decoupling schemes. 



An application note titled "Voltage References 
for the CS501X/CSZ511X Series of AID 
Converters'' is available for the CS5014. In 
addition to working through a reference circuit 
design example, it offers seven built-and-tested 
reference circuits. 

During conversion, each capacitor of the 
calibrated capacitor array is switched between 
VREF and AGND in a manner determined by 
the successive-approximation algorithm. The 
charging and discharging of the array results in a 
current load at the reference. The CS5014 
includes an internal buffer amplifier to minimize 
the external reference circuit's drive requirement 
and preserve the reference's integrity. Whenever 
the array is switched during conversion, the 
buffer is used to pre-charge the array thereby 
providing the bulk of the necessary charge. The 
appropriate array capacitors are then switched to 
the unbuffered VREF pin to avoid any errors due 
to offsets and/or noise in the buffer. 
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notes: 1. td can vary from 135ns - 235ns over military temperatur e range and over ± 10% supply variation. 

2. For asynchronous mode, transitions of SCLK, SDATA, EOC, EOT can shift by up to 4 clocks; e.g. the 
first high to low tra nsition of SLCK may be on clock #6 to #9. The timing relationship between SLCK, 
SDATA, EOC, and EOT is fixed. 



Figure 9. Serial Output Timing 
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The external reference circuitry need only 
provide the residual charge required to fully 
charge the array after pre-charging from the 
buffer. This creates an ac current load as the 
CS5014 sequences through conversions. The 
reference circuitry must have a low enough 
output impedance to drive the requisite current 
without changing its output voltage significantly. 
As the analog input signal varies, the switching 
sequence of the internal capacitor array changes. 
The current load on the external reference 
circuitry thus varies in response with the analog 
input. Therefore, the external reference must 
not exhibit significant peaking in its output 
impedance characteristic at signal frequencies or 
their harmonics. 
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R =2nT- (C^+C2)fpeak 
Figure 10. Reference Connections 

A large capacitor connected between VREF and 
AGND can provide sufficiently low output 
impedance at the high end of the frequency 
spectrum, while almost all precision references 
exhibit extremely low output impedance at dc. 
The presence of large capacitors on the output of 
some voltage references, however, may cause 
peaking in the output impedance at intermediate 
frequencies. Care should be exercised to ensure 
that significant peaking does not exist or that 
some form of compensation is provided to 
eliminate the effect. 

The magnitude of the current load on the 
external reference circuitry will scale to the 
master clock frequency. At full speed (4MHz 

DS12F3 



clock), the reference must supply a maximum 
load current of lO^iA peak-to-peak (1|liA typical). 
An output impedance of 4Q will therefore yield 
a maximum error of 40|jV. With a 4.5V reference 
and LSB size of 275)jV, this would insure better 
than 1/4 LSB accuracy. A 2.2|iF capacitor 
exhibits an impedance of less than A£l at 
frequencies greater than 5kHz. A high-quality 
tantalum capacitor in parallel with a smaller 
ceramic capacitor is recommended. 

Peaking in the reference's output impedance can 
occur because of capacitive loading at its output. 
Any peaking that might occur can be reduced by 
placing a small resistor in series with the 
capacitors (Figure 10). The equation in Figure 10 
can be used to help calculate the optimum value 
of R for a particular reference. The term "fpeak" 
is the frequency of the peak in the output im- 
pedance of the reference before the resistor is 
added. 

The CS5014 can operate with a wide range of 
reference voltages, but signal-to-noise perfor- 
mance is maximized by using as wide a signal 
range as possible. The recommended reference 
voltage is 4.5 volts. The CS5014 can actually 
accept reference voltages up to the positive 
analog supply. However, the buffer's offset may 
increase as the reference voltage approaches 
VA+ thereby increasing external drive require- 
ments at VREF. A 4.5V reference is the maxi- 
mum reference voltage recommended. This al- 
lows 0.5V headroom for the internal reference 
buffer. Also, the buffer enlists the aid of an exter- 
nal O.l^F ceramic capacitor which must be tied 
between its output, REFBUF, and the negative 
analog supply, VA-. For more information on 
references, consult "Application Note: Voltage 
References for the CS501X/CSZ51IX Series of 
AID Converters'', 

Analog Input Connection 

The analog input terminal functions similarly to 
the VREF input after each conversion when 
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switching into the track mode. During the first 
six master clock cycles in the track mode, the 
buffered version of the analog input is used for 
pre-charging the capacitor array. An additional 
period is required for fine-charging directly from 
AIN to obtain the specified accuracy. Figure 11 
exemplifies this operation. During pre-charge the 
charge on the capacitor array first settles to the 
buffered version of the analog input. This 
voltage is offset from the actual input voltage. 
During fine-charge, the charge then settles to the 
accurate unbuffered version. 



+50 
+25 

-25 
-50 
-75 
-100 



Rre-Ourge 




/ 




Fioe-Charge 



Acquisition Time (us) 
(Delay firamEOC) 



Figure 11. Internal Acquisition Time 

The acquisition time of the CS5014 depends on 
the master clock frequency. This is due to a fixed 
pre-charge period. For instance, operating the 
-14 version with an external 4MHz master clock 



results in a 3.75[is acquisition time: 1.5|i,s for 
pre-charging (6 clock cycles) and 2.25|xs for 
fine-charging. Fine-charge settling is specified as 
a maximum of 2.25|is for an analog source 
impedance of less than 200Q.. In addition, the 
comparator requires a source impedance of less 
than 400Q around 2MHz for stability, which is 
met by practically all bipolar op amps. Large dc 
source impedances can be accommodated by 
adding capacitance from AIN to ground (typical- 
ly 200pF) to decrease source impedance at high 
frequencies. However, high dc source resistances 
will increase the input's RC time constant and 
extend the necessary acquisition time. 

The CS5014 can track full power signals up to 
28kHz in the track mode. During the first 
six clock cycles following a conversion 
(pre-charge), the CS5014 is capable of slewing at 
5V/|is in unipolar mode. In bipolar mode, only 
half the capacitor array is connected to the 
analog input so the CS5014 can slew at 10V/|xs. 
After the first six master clock cycles, it will 
slew at 0.25V/^is in the unipolar mode and 
0.5V/[xs in bipolar mode. Acquisition of fast 
slewing signals (step functions) can be hastened 
if the step occurs during or immediately follow- 
ing the conversion cycle. For instance, channel 
selection in multiplexed applications should 
occur while the CS5014 is converting (see 
Figure 12). Multiplexer settling is thereby 



CS5014 


H Convert Channel N ► 




H- Convert Channel N + 1 — • 




HOLD 
Input 

CS5014 


- 






- 




L- 


EOC 

Output 


//// 


\ 


N //// 


\ //// 


MUX 

Address 

CS50I4 
Analog 
Input 


Address N ^ 

\ 


AddressN+1 

MUX Settling » 

to Channel N-t-1 


> 


< 

r 


Address N 

MUX Settling - 
x> Channel N + 2 


f2 Y AddressN + 3 
— » 



Figure 12. Pipelined MUX Input Channels 
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removed from the overall throughput equation, 
and the CS5014 can convert at full speed. 

Analog Input Range/Coding Format 

The reference voltage directly defines the input 
voltage range in both the unipolar and bipolar 
configurations. In the unipolar configuration 
(BP/UP low), the first code transition occurs 1/2 
LSB above AGND, and the final code transition 
occurs 3/2 LSB's below VREF. Coding is in 
straight binary format. In the bipolar configura- 
tion (BP/UP high), the first code transition 
occurs 1/2 LSB above -VREF and the last transi- 
tion occurs 3/2 LSB's below +VRER Coding is 
in an offset-binary format. Positive full scale 
gives a digital output of 11111111111111, and 
negative full scale gives a digital output of 
00000000000000. 

Grounding and Power Supply Decoupling 

The CS5014 uses the analog ground connection, 
AGND, only as a reference voltage. No dc 
power currents flow through the AGND connec- 
tion, and it is completely independent of DGND. 
However, any noise riding on the AGND input 
relative to the system's analog ground will 
induce conversion errors. Therefore, both the 
analog input and reference voltage should be 
referred to the AGND pin, which should be used 
as the entire system's analog ground. 

The digital and analog supplies are isolated 
within tlie CS5014 and are pinned out separately 
to minimize coupling between the analog and 
digital sections of the chip. All four supplies 
should be decoupled to their respective grounds 
using 0.1 juF ceramic capacitors. If significant 
low-frequency noise is present on the supplies, 
luF tantalum capacitors are recommended in 
parallel with the 0.1 mF capacitors. 

The positive digital power supply of the CS5014 
must never exceed the positive analog supply by 
more than a diode drop or the CS5014 could 



experience permanent damage. If the two 
supplies are derived from separate sources, care 
must be taken that the analog supply comes up 
first at power-up. The system connection 
diagram on page 51 shows a decoupling scheme 
which allows the CS5014 to be powered from a 
single set of ± 5V rails. The positive digital 
supply is derived from the analog supply through 
a 10^ resistor to avoid the analog supply 
dropping below the digital supply. If this scheme 
is utilized, care must be taken to insure that any 
digital load currents (which flow through the 
lOQ resistors) do not cause the magnitude of 
digital supplies to drop below the analog 
supplies by more than 0.5 volts. Digital supplies 
must always remain above the minimum 
specification. 

As with any high-precision A/D converter, the 
CS5014 requires careful attention to grounding 
and layout arrangements. However, no unique 
layout issues must be addressed to properly 
apply the CS5014. The CDB5014 evaluation 
board is available for the CS5014, which avoids 
the need to design, build, and debug a high- 
precision PC board to initially characterize the 
part The board comes with a socketed CS5014, 
and can be quickly reconfigured to simulate any 
combination of sampling, calibration, master 
clock, and analog input range conditions. 

CS5014 PERFORMANCE 

Differential Nonlinearity 

The most prevalent source of nonlinearity in 
high resolution converters is bit weight errors. 
These errors arise from the deviation of bits from 
their ideal binary-weighted ratios, and lead to 
nonideal widths for each code. If DNL errors are 
large, and code widths shrink to zero, it is 
possible for one or more codes to be entirely 
missing. The CS5014 calibrates all bits in the 
capacitor array to a small fraction of an LSB 
resulting in nearly ideal DNL. A histogram plot 
of typical DNL can be seen in Figure 13. 
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A histogram test is a statistical method of deriv- 
ing an A/D converter's differential nonlinearity. 
A ramp is input to the A/D and a large number 
of samples are taken to insure a high confidence 
level in the test's result. The number of occur- 
rences for each code is monitored and stored. A 
perfect A/D converter would have all codes of 
equal size and therefore equal numbers of occur- 
rences. In the histogram test a code with the 
average number of occurrences will be 
considered ideal (DNL = 0). A code with more or 
less occurrences than average will appear as a 
DNL of greater or less than zero LSB. A missing 
code has zero occurrences, and will appear as a 
DNL of -1 LSB. 

Integral Nonlinearity 

Integral nonlinearity is defined as the deviation 
of the transfer function from an ideal straight line 
through zero and full scale. Even if differential 
linearity errors are small, they may combine to 
produce a gross INL error at some point in the 
transfer function. A unique calibration algorithm, 
a lack of superposition of errors due to a 
capacitor based DAC, and low capacitor voltage 
coefficient keep INL errors below ± 1/2 LSB. 



Clock Feedthrough 

Maintaining the integrity of analog signals in 
the presence of digital switching noise is 
a difficult problem. The CS5014 can be 
synchronized to the digital system using the 
CLKIN input to avoid conversion errors due to 
asynchronous interference. However, digital 
interference will still affect sampling purity due 
to coupling between the CS5014's analog input 
and master clock. 

The effect of clock feedthrough depends on the 
sampling conditions. If the sampling signal at the 
HOLD input is synchronized to the master clock, 
clock feedthrough will appear as a dc offset at 
the CS5014's output. The offset could theoreti- 
cally reach the peak coupling magnitude 
(Figure 14), but the probability of this occurring 
is small since the peaks are spikes of short 
duration. 
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Figure 14. Examples of Measured Clock Feedthrough 
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Figure 13. CS5014 DifTerential Nonlinearity Plot 
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If sampling is performed asynchronously with 
the master clock, clock feedthrough will appear 
as an ac error at the CS5014's output With a 
fixed sampling rate, a tone will appear as the 
clock frequency aliases into the baseband. The 
tone frequency can be calculated using the 
equation below and could be selectively filtered 
in software using DSP techniques. 



tone " 



<Nfs- 'elk' 



where N=fjjn^/fg rounded to the nearest integer 



The magnitude of clock feedthrough depends on 
the master clock conditions and the source 
impedance applied to the analog input. When 
operating with the CS5014's internally generated 
clock, the CLKIN input is grounded and the 
dominant source of coupling is through the 
device's substrate. As shown in Figure 14, a 
typical CS5014 operating with its internal 
oscillator at 2MHz and 50Q of analog input 
source impedance wil exhibit only 15pV rms of 
clock feedthrough. However, if a 2MHz external 
clock is applied to CLKIN under the same 
conditions, feedthrough increases to 25[iV 
rms. Feedthrough also increases with clock 
frequency; a 4MHz clock yields 40jjV rms. 

Clock feedthrough can be reduced by limiting 
the source impedance applied at the analog 
input. As shown in Figure 14, reducing source 
impedance from 5012 to 25^ yields a 15jjy rms 
reduction in feedthrough. Therefore, when 
operating the CS5014 with high-frequency exter- 
nal master clocks, it is important to minimize 
source impedance applied to the CS5014's input. 

Also, the overall effect of clock feedthrough can 
be minimized by maximizing the input range and 
LSB size. The reference voltage applied to 
VREF can be maximized, and the CS5014 can 
be operated in bipolar mode which inherently 
doubles the LSB size over the unipolar mode. 



Power Supply Rejection 

The CS5014's power supply rejection perfor- 
mance is enhanced by the on-chip self- 
calibration and an "auto-zero" process. Drifts in 
power supply voltages at frequencies less than 
the calibration rate have negligible effect on the 
CS5014's accuracy. This, of course, is because 
the CS5014 adjusts its offset to within a small 
fraction of an LSB during calibration. 

Above the calibration frequency the excellent 
power supply rejection of the internal amplifiers 
is augmented by an auto-zero process. Any 
offsets are stored on the capacitor array and 
are effectively subtracted once conversion is 
initiated. Figure 15 shows power supply 
rejection of the CS5014 in the bipolar mode with 
the analog input grounded and a 300mV p-p 
ripple applied to each supply. Power supply 
rejection improves by 6dB in the unipolar mode. 

Notches of increased rejection arise from the 
auto-zeroing at the conversion rate. The frequen- 
cies at which these notches occur also depend on 
the value of the captured analog input. The line 
shows worst-case rejection for all combinations 
of conversion rates and input conditions in the 
bipolar mode. Again, power supply rejection is 
6dB better in the unipolar mode. 
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Figure 15. Power Supply Rejection 
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Aperture Jitter 

Track-and-hold amplifiers commonly exhibit 
two types of aperture jitter. The first, more 
appropriately termed "aperture window", is an 
input voltage dependent variation in the aperture 
delay. Its signal-dependency causes distortion at 
high frequencies. The CS5014's proprietary 
architecture avoids applying the input voltage 
across a sampling switch, thus avoiding any 
"aperture window" effects. The second type of 
aperture jitter, due to component noise, assumes 
a random nature. With only lOOps peak-to-peak 
aperture jitter, the CS5014 can process full-scale 
signals up to 1/2 the throughput frequency 
without any errors due to aperture jitter. 
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The status of AO is not critical to the operation specified. However, AO should not be low with CS and HOLD low, or a software 
reset will result. 
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System Connection Diagram 
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READ ADDRESS 

READ 

CHIP SELECT 



Power Supply Connections 

VD+ - Positive Digital Power, PIN 11. 

Positive digital power supply. Nomirially +5 volts. 

VD- - Negative Digital Power, PIN 36. 

Negative digital power supply. Nominally -5 volts. 

DGND - Digital Ground, PIN 10. 

Digital ground reference. 

VA+ - Positive Analog Power, PIN 25. 

Positive analog power supply. Nominally +5 volts. 

VA- - Negative Analog Power, PIN 30. 

Negative analog power supply. Nominally -5 volts. 

AGND - Analog Ground, PIN 27. 

Analog ground reference. 
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Oscillator 



CLKIN - Clock Input, PIN 20. 

All conversions and calibrations are timed from a master clock which can either be supplied by 
driving this pin with an external clock signal, or can be internally generated by tying this pin to 
DGND. 

Digital Inputs 

HOLD - Hold, PIN 1. 

A falling transition on this pin sets the CS5014 to the hold state and initiates a conversion. This 
input must remain low at least one master clock cycle plus 50ns. 

CS- Chip Select, PIN 21. 

When high, the data bus outputs are held in a high impedance state and the input to CAL and 
INTRLV are ignored. A falling transition initiates or terminates burst or interleave calibration 
(depending on the status of CAL and INTRLV) and a rising transition latches both the CAL and 
INTRLV inputs. If RD is low, the data bus is driven as indicated by BW and AO. 

RD-Read,PIN22. 

When RD and CS are both low, data is driven onto the data bus. If either signal is high, the data 
bus outputs are held in a high impedance state. The data driven onto the bus is determined by 
BWandAO. 

AO - Read Address, PIN 23. 

Determines whether data or status information is placed onto the data bus. When high during 
the read operation, converted data is placed onto the data bus; when low, the status register is 
driven onto the bus. 

BP/UP - Bipolar/Unipolar Input Select, PIN 24. 

When high, the device is configured with a bipolar transfer function ranging from -VREF to 
+VREF. Encoding is in an offset binary format, with the mid-scale code 100...0000 centered at 
AGND. When low, the device is configured for a unipolar transfer function from AGND to 
VREF. Unipolar encoding is in straight binary format. 

RST- Reset, PIN 32. 

When taken high, all internal digital logic is reset. Upon being taken low, a fuU calibration 
sequence is initiated. 

BW ^ Bus Width Select, PIN 33. 

When hard- wired high, all 14 data bits are driven onto the bus simultaneously during a data 
read cycle. When low, the bus is in a byte wide format. On the first read following a conversion, 
the eight MSB's are driven onto D7-D0. A second read cycle places the six LSB's with two 
trailing zeros on D7-D0. Subsequent reads will toggle the higher/lower order byte. Regardless 
of BW's status, a read cycle with AO low yields the status information on D7-D0. 
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INTRLV - Interleave, PIN 34. _ 

When latched low using CS, the device goes into interleave calibration mode. A full calibration 
will complete every 79,192 conversions. The effective conversion time extends by 20 clock 
cycles. 

CAL - Calibrate, PIN 35. (See note on page 57.) 

When latched high using CS, burst calibration results. The device cannot perform conversions 
during the cahbration period which will terminate only once CAL is latched low again. 
Calibration picks up where the previous cahbration left off, and calibration cycles complete 
every 1,443,840 master clock cycles. If the device is converting when a calibration is signaled, 
it will wait until that conversion completes before beginning. 

Analog Inputs 

AIN - Analog Input, PIN 26. 

Input range in the unipolar mode is zero volts to VREF. Input range in bipolar mode is -VREF 
to +VREF. The output impedence of buffer driving this input should be less than or equal to 
200Q. 

VREF - Voltage Reference, PIN 28. 

The analog reference voltage which sets the analog input range. It represents positive full scale 
for both bipolar and unipolar operation, and its magnitude sets negative full scale in bipolar 
mode. 

Digital Outputs 

DO through D15 - Data Bus Outputs, PINS 2 thru 9, 12 thru 19. 

3-state output pins. Enabled by CS and RD, they offer the converter's 16-bit output in a format 
consistent with the state of B W if AO is high. If AO is low, bits D0-D7 offer status register. 

EOT - End Of Track, PIN 37. 

If low, indicates that enough time has elapsed since the last conversion for the device to acquire 
the analog input signal (3.75M'S for 4MHz external clock). 

EOC - End Of Conversion, PIN 38. 

This output indicates the end of a conversion or calibration cycle. It is high during a conversion 
and will fall to a low state upon completion of the conversion cycle indicating valid data 
is available at the output. Returns high on the first subsequent read or the start of a new 
conversion cycle. 

SDATA - Serial Output, PIN 40. 

Presents each output data bit after it is determined by the successive approximation algorithm. 
Valid on the rising edge of SCLK, data appears MSB first, LSB last, and each bit remains valid 
until the next bit appears. 
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SCLK - Serial Clock Output, PIN 39. 

Used to clock converted output data serially from the CS5014. Serial data is stable on the rising 
edge of SCLK. 

Analog Outputs 

REFBUF . Reference Buffer Output, PIN 29. 

Reference buffer output. A 0.1|xF ceramic capacitor must be tied between this pin and VA-. 

Miscellaneous 

TST- Test, PIN 31. 

Allows access to the CS5014's test functions which are reserved for factory use. Must be tied to 
DGND. 
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ERROR DEFINITIONS 



Linearity Error - The deviation of a code from a straight line passing through the endpoints of the 
transfer function after zero- and full-scale errors have been accounted for. "Ziero-scale" is a 
point 1/2 LSB below the first code transition and "full-scale" is a point 1/2 LSB beyond the 
code transition to all ones. The deviation is measured from the middle of each particular code. 
Units in LSB 's. 

Differential Linearity - The deviation of a code's width from the ideal width. Units in LSB's. 

Full Scale Error - The deviation of the last code transition from the ideal (VREF-3/2 LSB's). 
Units in LSB's. 

Unipolar Offset - The deviation of the first code transition from the ideal (1/2 LSB above AGND) 
when in unipolar mode (BP/UP low). Units in LSB's. 

Bipolar Offset - The deviation of tiie mid-scale transition (Oil. ..Ill to 100...000) from the ideal 
(1/2 LSB below AGND) when in bipolar mode (BF/OT high). Units in LSB's. 

Bipolar Negative FuU-Scale Error - The deviation of the first code transition from the ideal when in 
bipolar mode (BP/UP high). The Ideal is defined as lying on a straight line which passes 
through the final and mid-scale code transitions. Units in LSB's. 

Total Unadjusted Error - The worst-case combination of offset error, full-scale error, and linearity 
error. Units in LSB's. 

Aperture Time - The time required after the hold command for the sampling switch to open fully. 
Effectively a sampling delay which can be nulled by advancing the sampling signal. Units in 
nanoseconds. 

Aperture Jitter - The range of variation in the aperture time. Effectively the "sampling window" 
which ultimately dictates the maximum input signal slew rate acceptable for a given accuracy. 
Units in picoseconds. 



Note: Temperatures specified define ambient conditions in free-air during test and do not refer 
to the junction temperature of the device. 
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Ordering Guide 



Model 

CS5014-KP28 
CS5014-KP14 
CS5014-BC28 
CS5014-BC14 
CS5014-TC14 



Conversion Time 

28.50 |LlS 
14.25 ms 
28.50 \xs 
14.25 |Lis 
14.25 MS 



Temp. Range Package 

to +70 X 40-Pin Plastic DIP 

to +70 ^C 40-Pin Plastic DIP 

-40 to +85 ^C 40-Pin Ceramic Side-Brazed DIP 

-40 to +85 **C 40-Pin Ceramic Side-Brazed DIP 

-55 to +1 25 ^'C 40-Pin Ceramic Side-Brazed DIP 



ADDENDUM 



Burst Calibration 




Burst calibration mode allows control of partial calibration cycles. Due to an unforeseen condition 
inside the part, asynchronous termination of calibration (CAL brought low) may result in a sub-optimal 
calibration result. It is recommended that burst calibration is not used, until the silicon is revised to 
prevent this effect. 

The reset and interleave mode work perfectly, and should be used instead of burst mode. The CS5014's 
very low drift over temperature means that, under most circumstances, calibration need only be 
performed at power-up, using reset (See Analog Characteristics table on the second page of this data 
sheet). 

If you wish to use burst calibration, then please contact the factory for advice and new part availability 
information. 
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CS5016 



16-Bit, 16us Self-Calibrating A/D Converter 



Features 

• Monolithic CMOS A/D Converter 

Microprocessor Compatible 
Parallel and Serial Output 
Inherent Track/Hold Input 

• True 1 6-Bit Precision 

Linearity Error: 0.001% FS 
No Missing Codes 

• 1 6.25 Microsecond Conversion Time 

Throughput Rates up to 50kHz 

• Self Calibration Maintains Accuracy 
Over Time and Temperature 

• Low Power Dissipation: 1 20m W 

• Pin Compatible with CS501 2/CS501 4 



General Description 

The CS5016 is a 16-bit monolitliic CMOS analog to digital 
converter witli 16.25 microsecond conversion time. Unique 
self-calibration circuitry, which can be under intelligent 
control, insures maximum nonllnearity of 0.001% FS and 
no missing codes. Offset and full scale errors are kept 
within 1 LSB, eliminating the need for manual calibration 
of any kind. Unipolar and bipolar input ranges are digitally 
selectable. 

The CS501 6 consists of a DAC, conversion and calibration 
microcontroller, oscillator, comparator, microprocessor 
compatible 3-State I/O, and calibration circuitry. 
The input track-and-hold, inherent to the device's 
sampling architecture, acquires the analog input signal 
after each conversion within 3.75us allowing throughput 
rates up to 50kHz. 

The CS5016 is pin compatible with the CS5012 and 
CS5014 A/D converters allowing system upgrading 
and downgrading without hardware alterations. 

ORDERING INFORMATION: Page 85 
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P.O. Box 17847, Austin, Texas 78760 
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CS5016 

ANALOG CHARACTERISTICS (Ta = 25°C; VA+, VD+ = 5V; VA-, VD- = -5V; VREF = 4.5V; 
fcik = 4MHz for -1 6, 2MHz for -32; Analog Source Impedance = 200Q; Synchronous Sampling.) 



Parameter * 


CS5016-J,K 
min typ max 


CS5016- 
mln typ 


A,B 
max 


CS5016-S.T 
min typ max 


Units 


Specified Temperature Range 


to +70 


-40 to +85 


-55 to +125 


"0 


Accuracy 


Linearity Error (Note 1 ) 
Tmin^^T^ax -J- A. S 
Tmin^T^ax "K. B. T 


0.002 0.003 
0.001 0.0015 


0.002 
0.001 


0.003 
0.0015 


0.002 
0.001 


0.003 
0.0015 


%FS 
%FS 


Differential Linearity (Note 2) 


16 


16 


16 


Bits 


Full Scale Error (Note 1 ) 
Tmin^^^max (Note 3) 


±2 ±3 
±1 


±2 
±1 


±3 


±2 
±2 


±3 


LSB 
ALSB 


Unipolar Offset (Notel) 
Tminto"fmax (Note 3) 


±1 ±3/2 
±1 


±1 
±1 


±3 


±1 
±2 


±3 


LSB 
ALSB 


Bipolar Offset (Note 1 ) 
Tmin^oTmax (Note 3) 


±1 ±3/2 
±1 


±1 
±2 


±2 


±1 
±2 


±2 


LSB 
ALSB 


Bipolar Negative (Notel) 
Full-Scale Error 
TmintoT^ax (Note 3) 


±2 ±3 
±1 


±2 
±2 


±3 


±2 
±2 


±3 


LSB 
ALSB 


Noise Unipolar Mode 
(Note 4 ) Bipolar Mode 


35 
70 


35 
70 


35 
70 


uVrms 
uVrms 


Analog Input 


Aperture Time 


25 


25 


25 


ns 


Aperture Jitter 


100 


100 


100 


ps 


Aperture Time Matching (Note 5) 


TBD 


TBD 


TBD 


ns 


Full Power Bandwidth (Note 6) 


25 


25 


25 


kHz 


Input (Note 7) Unipolar Mode 
Capacitance Bipolar Mode 


275 375 
165 220 


275 
165 


375 
220 


275 
165 


375 
220 


PF 
PF 



Notes: 1 . Applies after calibration at any temperature witliin tlie specified temperature range. 

2. Minimum resoiution for which no missing codes is guaranteed. 

3. Total drift over specified temperature range since calibration at power-up at 25^0. 

4. Wideband noise aliased into the baseband. Referred to the input. 

5. Part to part. 

6. Vin = 9V p-p. Refer to Analog /npi/f section on page 73 for discussion of input slew rate. 

7. Applies only in tracl< mode. When converting or calibrating, input capacitance will not exceed 15pF. 

* Refer to Error Definitions on page 84. 



Specifications are subject to change without notice. 
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ANALOG CHARACTERISTICS (continued) 



Parameter 


CS5016-J,K 
min typ max 


CS5016-A,B 
mIn typ max 


CS501 6-8.1 
min typ max 


Units 


Conversion & Throughput 


Conversion Tinfie -1 6 
(Notes 8,9) -32 


16.25 
32.5 


16.25 
32.5 


16.25 
32.5 


us 
us 


Acquisition Time -16 
(Note 9) -32 




3.0 
4.5 


3.75 
5.25 




3.0 
4.5 


3.75 
5.25 




3.0 
4.5 


3.75 
5.25 


us 
us 


Throughput -1 6 
(Note 9) -32 


50.0 
26.5 


50.0 
26.5 


50.0 
26.5 


kHz 
kHz 


Power Supplies 


DC Power Supply Currents (Note 1 0) 

•a. 
'a- 

|D. 

Id- 




9 

3 
-3 


19 
-19 

6 
-6 




9 
-9 

3 
"-<3 


19 
-19 

6 
-6 




9 

3 
-3 


19 

19 

6 

--6 


mA 
mA 
mA 
mA 


Power Dissipation (Note 1 0) 




120 


250 




120 


250 




120 


250 


mW 


Power Supply Rejection (Note 1 1 ) 
Positive Supplies 
Negative Supplies 


84 
84 


84 
84 


84 
84 


dB 
dB 



Notes: 8. Measured from falling transition on HOLD to falling transition on EOC. 

9. Conversion, acquisition, and throughput times depend on the master clock, sampling, and calibration 
conditions. The numbers shown assume sampling and conversion is synchronized with the CS5016's 
conversion clock, interleave calibrate is disabled, and operation is from the full-rated, external clock. 
A detailed discussion of conversion timing appears on page 68. 
. All outputs unloaded. Ail inputs CMOS levels. 

With SOOmV p-p, 1 kHz ripple applied to each analog supply separately in bipolar nrx)de. Rejection 
improves by 6dB in the unipolar mode to 90dB. A plot of typical power supply rejection versus 
frequency appears on page 78. 




10. 
11. 
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SWITCHING CHARACTERISTICS (Ta = Tmm to Tmax; 

VA+, VD+ - 5V ± 1 0%; VA-, VD- = -5V ± 1 0%; Inputs: Logic = OV. Logic 1 = VD+; Cl = 50pF) 



Parameter 


Symbol 


MIn 


Typ 


Max 


Units 


Master Clock Frequency: 

Internally Generated: -16 

-32 
Externally Supplied: -16 

-32 


teLK 


2 
1 


- 


4 
2 


MHz 


Master Clock Duty Cycle 


- 


30 


- 


70 


% 


Rise Times: Any Digital Input 
Any Digital Output 


Uise 


- 


20 


1.0 


us 
ns 


Fall Times: Any Digital Input 
Any Digital Output 


^fall 


- 


20 


1.0 


us 
ns 




thpw 


1/fCLK + 50 


- 


tc 


ns 


HOLD Pulse Width 


Conversion Time 


tc 


(Note 12) 


- 


(Note 12) 


us 


Data Delay Time 


tdd 


- 


40 


100 


ns 


EOC Pulse Width (Note 13) 


tepw 


4/fcLK-20 


- 




ns 


Set Up Times: CAL, INTRLV to CS Low 
AO to CS and RD Low 


tcs 
tas 


20 
20 


10 
10 


- 


ns 


Hold Times: 

CS or RD High to AO Invalid 
CS High to CAL, INTRLV Invalid 


tah 
tch 


50 
50 


30 
30 


- 


ns 


Access Times: CS Low to Data Valid 

^.KAB 
-S.T 
RD Low to Data Valid 

-J.KAB 
-S.T 


tea 
tra 




90 
115 

90 
115 


120 
150 

120 
150 


ns 
ns 


Output Float Delay: J,K,A,B 
CS or RD High to Output Hl-Z -S,T 


tfd 




50 
50 


110 
140 


ns 


Serial Clock Pulse Width Low 
Pulse Width High 


tpwl 
tpwh 




2/fCLK 
2/fCLK 


- 


ns 


Set Up Times: SDATA to SCLK Rising 


tss 


2/fCLK-100 


2/fCLK 


- 


ns 


Hold Times: SCLK Rising to SDATA 


tsh 


2/fcLK-100 


2/fCLK 


- 


ns 



Notes: 12. See T able 1 and master clock frequencies above. 

13. EOC remains low 4 master clock cycles if CS and RD are held low. 
within 4 master clock cycles from the start of a data read operation 



Othen/vise, it returns high 
or a conversion cycle. 
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Mtrise 
10% 



tfaliM 
10% 



Rise and Fall Times 



SCLK 
SDATA 



Vwl" 



•-Us- 

yrz 



pwh 



-tsh- 



Serial Output Timing 



CS' 



RD 



- taH 



AO 



X 



ica~ 



tra- 



D0-D15 



Hi-Z 



CAL, INTRLV 



X 



-tc&— * 



y' 



tah- 



tfd 



V 



tch 



:>c 



HOLD 



Read and Calibration Control Timing 



-thpw 



^ //////// 

Output Data 



epw- 



LAST CONVERSION DATA VALID 



n tdd . 



_/\. 



X 



HI-Z 



77777; 



NEW DATA VALID 



Conversion Timing 
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DIGITAL CHARACTERISTICS (Ta = Tmm to Tmax; VA+, VD+ = 5V ± 1 0%; VA-, VD- = -5V ± 10%) 
All measurements below are performed under static conditions. 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


High-level Input Voltage 


V|H 


2.0 




- 


V 


Low-Level Input Voltage 


V|L 


- 




0.8 


V 


High-Level Output Voltage (Note 14) 


VOH 


VD+-1.0V 




- 


V 


Low-Level Output Voltage lout^l .6mA 


Vol 






0.4 


V 


Input Leakage Current 


lin 


- 




10 


uA 


3-State Leakage Current 


•oz 


- 




±10 


uA 


Digital Output Pin Capacitance 


Cout 


- 


9 


- 


PF 



Note: 14. lout = -100nA. This specification guarantees TTL compatability (VOH = 2.4V @ lout = -40nA). 



RECOMMENDED OPERATING CONOmONS (agnd, dgnd = ov, see note 15.) 



Parameter 


Symbol 


MIn 


Typ 


Max 


Units 


DC Power Supplies: Positive Digital 
Negative Digital 
Positive Analog 
Negative Analog 


VD+ 
VD- 
VA+ 
VA- 


4.5 
-4.5 

4.5 
-4.5 


5.0 
-5.0 

5.0 
-5.0 


VA+ 

-5.5 

5.5 

-5.5 


V 
V 
V 
V 


Analog Reference Voltage 


VREF 


2.5 


4.5 


VA+ - 0.5 


V 


Analog Input Voltage: Unipolar 
(Note 16) Bipolar 


Vain 
Vain 


AGND 
-VREF 


- 


VREF 
VREF 


V 
V 



Notes: 15. All voltages with respect to ground. 

1 6. The CS501 6 can accept input voltages up to the analog supplies (VA+ and VA-). 

It will output all 1's for inputs above VREF and all O's for inputs below AGND in unipolar mode 
and -VREF in bipolar mode. 



ABSOLUTE MAXIMUM RATINGS (AGND. dgnd = ov. all voltages with respect to ground.) 



Parameter 


Symbol 


Min 


Max 


Units 


DC Power Supplies: Positive Digital 
Negative Digital 
Positive Analog 
Negative Analog 


VD+ 
VD- 
VA+ 
VA- 


-0.3 
0.3 

-0.3 
0.3 


VA+ + 0.3 
-6.0 
6.0 
-6.0 


V 
V 
V 
V 


Input Current, Any Pin Except Supplies (Note 1 7) 


Im 


- 


±10 


mA 


Analog Input Voltage (AIN and VREF pins) 


V|NA 


VA- - 0.3 


VA+ + 0.3 


V 


Digital Input Voltage 


V,ND 


-0.3 


VA+ + 0.3 


V 


Ambient Operating Temperature 


Ta 


-55 


125 


-c 


Storage Temperature 


^tg 


-65 


150 


''C 



Note: 17. Transient currents of up to 1 00mA will not cause SCR latch-up. 

WARNING: Operation at or beyond these limits may result in permanent damage to the device. 
Normal operation is not guarateed at these extremes. 
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THEORY OF OPERATION 

The CS5016 utilizes the most popular method of 
executing high-speed, high-resolution A/D 
conversion: successive approximation. As with 
all other iterative comparison methods, the 
analog input is successively compared to the 
output of a D/A converter controlled by the 
conversion algorithm. Successive approximation 
begins by comparing the analog input to the 
DAC output which is set to half-scale (MSB on, 
all other bits off)- If the input is found to be 
below half-scale, the MSB is reset to zero and 
the input is compared to one-quarter scale (next 
MSB on, all others off). If the input were above 
half-scale, the MSB would remain high and the 
next comparison would be at three-quarters of 
full scale. This procedure continues until all bits 
have been exercised. 

The CS5016 implements the successive- 
approximation algorithm using a unique charge 
redistribution architecture. Instead of the 
traditional resistor network, the DAC is an array 
of binary-weighted capacitors. All capacitors in 
the array share a common node at the 
comparator's input. Their other terminals are 
capable of being connected to AIN, AGND, or 
VREF (Figure 1). When the device is not 
calibrating or converting, all capacitors are tied 
to AIN forming Ctot. Switch SI is closed and the 
charge on the array, Qin, tracks the input signal 
Vin (Figure 2a). 




-Qin = Vin Ctot 
Figure 2a. Tracking Mode 



When the conversion command is issued, switch 
SI opens as shown in Figure 2b. This traps 
charge Qin on the comparator side of the 
capacitor array and creates a floating node at the 
comparator's input. The conversion algorithm 
operates on this fixed charge, and the signal at 
the analog input pin is ignored. In effect, the 
entire DAC capacitor array serves as analog 
memory during conversion much like a hold 
capacitor in a sample/hold amplifier. 




D c 



VREF 



AGND 




ToMCU 



VREF 

Figure 2b. Convert Mode 
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Figure 1. Charge Redistribution DAC 
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The conversion consists of manipulating the free 
plates of the capacitor array to VREF and AGND 
to form a capacitive divider. Since the charge at 
the floating node remains fixed, the voltage at 
that point depends on the proportion of 
capacitance tied to VREF versus AGND. The 
successive-approximation algorithm is used to 
find the proportion of capacitance, termed D in 
Figure 2b, which when connected to the 
reference will drive the voltage at the floating 
node (Vfn) to zero. That binary fraction of 
capacitance represents the converter's digital 
output. 

The CS5016's charge redistribution architecture 
easily supports bipolar input ranges. If half the 
capacitor array (the MSB capacitor) is tied to 
VREF rather than AIN in the track mode, the 
input range is doubled and is offset half-scale. 
The magnitude of the reference voltage thus 
defines both positive and negative full-scale 
(-VREF to +VREF), and the digital code is an 
offset binary representation of the input. 



To achieve 16-bit accuracy from the DAC, the 
CS5016 uses a novel self-calibration scheme. 
Each bit capacitor shown in Figure 1 actually 
consists of several capacitors which can be 
manipulated to adjust the overall bit weight. 
An on-chip microcontroller adjusts the subarrays 
to precisely ratio the bits. Each bit is adjusted to 
just balance the sum of all less significant bits 
plus one dummy LSB (for example, 16C = 8C + 
4C + 2C + C + C). During calibration, the 
CS5016 implements statistical noise reduction to 
calibrate accurately to ± 1/4 LSB. It performs 
multiple experiments per calibration decision to 
reduce the effective noise bandwidth and the 
probability of making an incorrect decision. The 
resulting probability of obtaining a 1/4 LSB error 
is less than one in a thousand, with a negligible 
chance of obtaining a calibration error of 1/2 
LSB. 



DIGITAL CIRCUIT CONNECTIONS 



Calibration 

The ability of the CS5016 to convert accurately 
to 16-bits clearly depends on the accuracy of its 
comparator and DAC. The CS5016 utilizes an 
"auto-zeroing" scheme to null errors introduced 
by the comparator. All offsets are stored on the 
capacitor array while in the track mode and are 
effectively subtracted from the input signal when 
a conversion is initiated. Auto-zeroing enhances 
power supply rejection at frequencies well below 
the conversion rate. 



The CS5016 can be applied in a wide variety 
of master clock, sampling, and calibration 
conditions which directly affect the device's 
conversion time and throughput. The device also 
features on-chip 3-state output buffers and a 
complete interface for connecting to 8-bit and 
16-bit digital systems. Output data is also 
available in serial format. 




Master Clock jumiuumil 
(Optional) 



Master Clock JUUUinnfUl 
(Optional) 



HOLD 
CS5016 
EOT 

CLKIN 



Figure 3a. Asynchronous Sampling 



Figure 3b. Synchronous Sampling 
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Master Clock 

The CS5016 operates from a master clock which 
can be externally supplied or internally 
generated. The internal oscillator is activated by 
externally tying the CLKIN input low. Alterna- 
tively, the CS5016 can be synchronized to the 
external system by driving the CLKIN pin with a 
TTL or CMOS clock signal. 

All calibration, conversion, and throughput times 
directly scale to master clock frequency. Thus, 
throughput can be precisely controlled and/or 
maximized using an external master clock. In 
contrast, the CS5016's internal oscillator will 
vary from unit-to-unit and over temperature. Its 
tolerance gives rise to minimum and maximum 
conversion times and throughput rates. The -16 
version of the CS5016 is specified for accurate 
operation with an external clock up to 4MHz; its 
internal clock frequency is specified at a 
minimum of 2MHz. The -32 version can handle 
external clocks up to 2MHz; its internal clock 
can range as low as IMHz (see Switching 
Characteristics, page 62). Both versions can 
typically convert with clocks as low as lOkHz at 
room temperature. 

Initiating Conversions 



A falling transition on the HOLD pin places the 
input in the hold mode and initiates a conversion 
cycle. The HOLD input is latched internally by 
the master clock, so it can return high anytime 



after one master clock cycle plus 50ns. Upon 
completion of the conversion cycle, the CS5016 
automatically returns to the track mode. In 
contrast to systems with separate track-and-holds 
and A/D converters, a sampling clock can simply 
be connected to the HOLD input (Figure 3a). 
The duty cycle of this clock is not critical. It 
need only remain low at least one master clock 
cycle plus 50ns, but no longer than the minimum 
conversion time or an additional conversion 
cycle will be initiated with inadequate time for 
acquisition. 

Microprocessor-Controlled Operation 

Sampling and conversion can be placed under 
microprocessor control (Figure 4) by simply 
gating the device's decoded address with the 
write strobe for the HOLD input. Thus, a write 
cycle to the CS5016's base address will initiate a 
conversion (the data word is irrelevant). 
However, the write cycle must be to the odd 
address (AO high) to avoid initiating a software 
controlled reset (see Reset, page 69). 

The calibration control inputs, CAL, and 
INTOLV are also internally latched by CS, so 
they must be in the appropriate state whenever 
the chip is selected during a read or write cycle. 
Address lines Al and A2 are shown connected to 
CAL and INTRLV in Figure 4 placing calibra- 
tion under microprocessor control as well. Thus, 
any read or write cycle to the CS5016's base 
address will initiate or terminate calibration. 
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Figure 4a. Conversions Asynchronous to Master Clock Figure 4b. Conversions under Microprocessor Control 
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Conversion Time/Throughput 



Synchronous Sampling 



Upon completing a conversion cycle and return- 
ing to the track mode, the CS5016 requires time 
to acquire the analog input signal before another 
conversion can be initiated. The acquisition time 
is specified as six master clock cycles plus 
2.25M.S. This adds to the conversion time to 
define the converter's maximum throughput. The 
conversion time of the CS5016, in turn, depends 
on the sampling, calibration, and master clock 
conditions. 

Asynchronous Sampling 
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Figure 5a. Synchronous Sampling (External Clock) 
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Figure 5b. Synchronous (Loopback) Mode 



To achieve maximum throughput, sampling can 
be synchronized with the internal conversion 
clock by connec ting the End-of-Track (EOT) 
output to HOLD (Figure 3b). T he EO T output 
falls 15 master clock cycles after EOC indicating 
the analog input has been acquired to the 
CS5016's specified accuracy. The EOT output is 
synchronized to the internal conversion clock, so 
the four clock cycle synchronization uncertainty 
is removed yielding throughput at l/80th of the 
master clock frequency (see Figure 5b and Table 
1). 



The CS5016 internally operates from a clock 
which is delayed and divided down from the 
master clock (fCLK/4). If sampling is not 
synchronized to this internal clock, the conver- 
sion cycle may not begin until up to four clock 
cycles after HOLD goes low even though the 
charge is trapped immediately. In this 
asynchronous mode (Figure 3a), the four clock 
cycles add to the minimum 65 clock cycles to 
define the maximum conversion time (see Figure 
5a and Table 1). 



Also, the CS5016's internal RC oscillator 
exhibits significant jitter (typically ± 0.05% of its 
period), which is high compared to crystal oscil- 
lators. If the CS5016 is configured for 
synchronous sampling while operating from its 
internal oscillator, this jitter will directly 
affect sampling purity. 



The EOT output is an accurate indicator of the 
CS5016's acquisition requirement when operat- 
ing at the -16 version's full rated speed (3.75jxs 
with a 4MHz master clock). However, EOT will 
allow the CS5016 more acquisition time than 



Sampling Modg 
Synchronous (Loopback) 
Asynchronous 



Conversion Time 

min max 

65T 651 

65T 69T + 235ns 

(T s one master clock cycle) 



Throughput Time 

min max 

801 801 

N/A 75T + 2.25^s 



Table I. Conversion and Throughput Times 
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necessary when operating with a clock less than 
4MHz. The EOT outpu t always falls 15 master 
clock cycles after EDC. The CS5016 only needs 
3,75^s (six cycles @4MHz plus 2.25|is). When 
operating the -32 with a master clock of 2MHz 
or less, higher throughput can be achieved than 
in the loopback configuration by using an exter- 
nal counter. The counter should be reset by the 
falling edge of EOC and count the appropriate 
number of clock cycles after each conversion. 
When the total time is greater than six clock 
cycles plus 2.25|xs the counter can trigger a new 
conversion at HOLD. For example, when using a 
2MHz clock, 2.25|Lis takes between four and five 
clock cycles. When six cycles are added to this it 
is seen that the counter should trigger a new con- 
version at the eleventh clock cycle. 

Reset 




Figure 6. Power-On Reset Circuitry 



Upon power up, the CS5016 must be reset to 
guarantee a consistent starting condition and 
initially calibrate the device. Due to the 
CS5016's low power dissipation and low 
temperature drift, no warm-up time is required 
before reset to accommodate any self-heating 
effects. However, the voltage reference input 
should have stabilized to within 0.25% of its 
final value before RST falls to guarantee an 
accurate calibration. Later, the CS5016 may be 
reset at any time to initiate a single full caUbra- 
tion. Reset overrides all other functions. If reset, 
the CS5016 will clear and initiate a new calibra- 
tion cycle mid-conversion or mid-calibration. 



Resets can be initiated in hardware or software. 
The simplest method of resetting the CS5016 
involves strobing the RST pin high. When RST 
is brought high all internal logic clears. When it 
returns low a full calibration begins which takes 
1,443,840 master clock cycles (approximately 
360ms with a 4MHz clock) to complete. A 
simple power-on reset circuit can be built using a 
resistor and capacitor, and a Schmidt-trigger 
inverter to prevent oscillation (see Figure 6). The 
CS5016 can also be reset in software when under 
microprocessor control. The CS501 6 will reset 
whenever CS, AO, and HOLD are taken 
low simultaneously. See the Microprocessor 
Interface section on page 70 to eliminate the 
possibility of inadvertent software reset. The 
EOC output remains high throughout the reset 
operation and will fall upon its completion. It 
can thus be used to generate an interrupt indicat- 
ing the CS5016 is ready for operation. Six 
master clock cycles plus 2.25|xs must be allowed 
after EOC falls to allow for acquisition. Under 
microprocessor-independent operation with 
3-states permanently enabled (CS, RD low; AO 
high) the EOC output will not fall at the comple- 
tion of the reset operation. 

Initiating Calibration 

All modes of calibration can be controlled in 
hardware or software. Accuracy can thereby be 
insured at any time or temperature throughout 
operating life. After initial calibration at power- 
up, the CS5016's charge-redistribution design 
yields better temperature drift and more graceful 
aging than resistor-based technologies, so 
calibration is actually required less often than 
with traditional devices. 

The first mode of calibration, reset, results in a 
single full calibration cycle. The second type of 
calibration, termed "burst" cal, is useful when the 
ADC sees some downtime but not enough to 
perform a full reset caUbration. Burst cal can be 
terminated mid-calibration; it picks up where it 
left off previously, so calibrations can be done in 
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piecemeal fashion. Burst cal is initiated by 
bringing the CAL input high with CS low. The 
CAL input is level-triggered and latches on the 
rising edge of CS, so a write cycle can be used to 
control calibration in software. Burst cal will 
continue to loop through calibration cycles until 
terminated. Once CAL returns low, at least 26 
master clock cycles plus 2.25|xs (8.75|xs @ 
4MHz clock) must be allowed before a conver- 
sion is initiated to ensure the CS5016 has 
completed its calibration experiment and has 
acquired the analog input. The EOC output indi- 
cates the completion of the final calibration ex- 
periment. (See note on page 85.) 

The CS5016 features a background caHbration 
mode called "interleave." Interleave appends a 
single calibration experiment to each conversion 
cycle and thus requires no dead time for 
calibration. The CS5016 gathers data between 
conversions and will adjust its transfer function 
once it completes the entire sequence of experi- 
ments (one calibration cycle per 72,192 conver- 
sions). Initiated by bringing bot h the INT RLV 
input and CS low (or hard- wiring INTRLV low), 
interleave extends the CS5016's effective 
conversion time by 20 master clock cycles 
(5|xs @ 4MHz). Other than reduced throughput, 
interleave is totally transparent to the user. 



Burst calibrations initiated at CAL pick up where 
interleave left off, so calibration cycles can be 
hastened by "bursting" a number of experiments 
whenever the CS5016 sees free time. Interleave 
is subordinate to burst calibrations, so INTRLV 
could still be externally tied low. 

Microprocessor Interface 

The CS5016 features an intelligent micro- 
processor interface which offers detailed status 
information and allows software control of the 
self-calibration functions. Output data is avail- 
able in either 8-bit or 16-bit formats for easy 
interfacing to industry-standard microprocessors. 

Strobing both CS and RD low enables the 
CS5016's 3-state output buffers with either 
output data or status information depending on 
the status of AO. An address bit can be connected 
to AO as shown in Figure 4b thereby memory 
mapping the status register and output data. 
Conversion status can be polled in software by 
reading the status register (CS and RD strobed 
low with AO low), and masking status bits S0-S5 
and S7 (by logically AND'ing the status word 
with 01000000) to determine the value of S6. 
Similarly, the software routine can determine 
calibration status using other status bits (see 
Table 2). Care must be taken not to read the 
status register (AO low) while HOLD is low, or a 
software reset will result (see Reset, page 69). 



PIN 


STATUS BIT 

SO 


STATUS 


DO 


END OF CONVERSION 


D1 


S1 


RESERVED 


D2 


S2 
S3 


LOW BYTE/HIGH BYTE 


D3 


END OF TRACK 


D4 


S4 


RESERVED 


D5 


S5 


TRACKING 


D6 


S6 


CONVERTING 


D7 


S7 


CALIBRATING 



DEFINITION 

Falls upon completion of a conversion, 

and returns high on the first subsequent read. 

Reserved for factory use. 

When data is to be read in an 8-blt format (BW=0), 
indicates which byte will appear at the output next. 

When low, indicates the input has been acquired to 
the devices specified accuracy. 

Reserved for factory use. 

High when the device is tracking the intput. 

High when the device is converting the held input. 

High when the device is calibrating. 



Table 2. Status Bit Definitions 
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Alternatively, the End-of-Convert (EOC) output 
can be used to generate an interrupt or drive a 
DMA controller to dump the output directly into 
memory after each conversion. The EOC pin 
falls as each conversion cycle is completed and 
data is valid at the output. It returns high within 
four master clock cycles of the first subsequent 
data read operation or after the start of a new 
conversion cycle. 

To interface with 16-bit a data bus, the BW input 
to the CS5016 should be held high and all 16 
data bits read in parallel on pins D15-D0. With 
an 8-bit bus, the converter's 16-bit result must be 
read in two portions. In this instance, BW should 
be held low and the 8 MSB's obtained on the 
first read cycle following a conversion. The 
second read cycle will yield the 8 LSB's. Both 
bytes appear on pins D0-D7. The upper/lower 
bytes of the same data will continue to toggle on 
subsequent reads until the next conversion 
finishes. Status bit S2 indicates which byte will 
appear on the next data read operation. 

The CS5016 internally buffers its output data, so 
data can be read while the device is tracking or 
converting the next sample. Therefore, retrieving 
the converter's digital output requires no reduc- 
tion in ADC throughput. Enabling the 3-state 
outputs while the CS5016 is converting will not 
introduce conversion errors. When TTL loads are 
utilized the potential for crosstalk between 
digital and analog sections of the system is 
increased. This crosstalk is due to high digital 
supply and signal currents arising from the TTL 
drive current required of each digital output. 



Connecting CMOS logic to the digital outputs is 
recommended. Suitable logic families include 
4000B, 74HC, 74AC, 74ACT, and 74HCT. 

The two calibration control inputs, CAL and 
INTRLV, are level-triggered and latched on the 
rising edge of CS. Calibration can be placed 
under software control by connecting address 
lines to the CAL and INTRLV inputs as shown 
in Figure 4a. Any read or write cycle to the 
CS5016's base address will thereby initiate or 
terminate calibration. 

Microprocessor Independent Operation 

The CS5016 can be operated in a stand-alone 
mode independent of intelligent control. In this 
mode, CS and RD are hard-wired low 
permanently enabling the 3-state output buffers. 
A free-running condition is established when 
BW is tied high, CAL is tied low, and HOLD is 
continually strobed low or tied to EOT. The 
CS5016's EOC output can be used to externally 
latch tiie output data if desired. With CS and TO 
hard-wired low, EOC will strobe low for four 



+5V ^ 




— 












i 

^ 


INTRLV RST 

BW EOC 

AO 

D15 

HOLD 

• 

CS CS5016 • 

• 

RD 

CAL DO 




Sampling TTLT 


^ 


Clock 




16-Bit \ 
Data / 
Out / 


i 


> 


-n/ 



Reset 

Latching 

Output 



Figure 8. Microprocessor-Independent Connections 
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master clock cycles after each c onvers ion. Data 
will be unstable up to 100ns after EQC falls, so it 
should be latched on the rising edge ofEOC. 

Serial Output 

All successive-approximation A/D converters 
derive their digital output serially starting with 
the MSB. The CS5016 presents each bit to the 
SDATA pin four master clock cycles after it is 
derived and can be latched using the serial clock 
output, SCLK. Just subsequent to each bit 
decision SCLK will fall and return high once the 
bit information on SDATA has stabilized. Thus, 
the rising edge of the SCLK output should be 
used to clock the data from the CS5016 (See 
Figure 9). 

ANALOG CIRCUIT CONNECTIONS 

Most popular successive-approximation A/D 
converters generate dynamic loads at their 
analog connections. The CS5016 internally 
buffers all analog inputs (AIN, VREF, and 
AGND) to ease the demands placed on external 
circuitry. However, accurate system operation 
still requires careful attention to details at the 



CS5016 



design stage regarding source impedances as 
well as grounding and decoupling schemes. 

Reference Considerations 

An application note titled "Voltage References 
for the CS501X/CSZ511X Series of AID 
Converters" is available for the CS5016. In 
addition to working through a reference circuit 
design example, it offers seven built-and-tested 
reference circuits. 

During conversion, each capacitor of the 
calibrated capacitor array is switched between 
VREF and AGND in a manner determined by 
the successive-approximation algorithm. The 
charging and discharging of the array results in a 
current load at the reference. The CS5016 
includes an internal buffer amplifier to minimize 
the external reference circuit's drive requirement 
and preserve the reference's integrity. Whenever 
the array is switched during conversion, the 
buffer is used to pre-charge the array thereby 
providing the bulk of the necessary charge. The 
appropriate array capacitors are then switched to 
the unbuffered VEEF pin to avoid any errors due 
to offsets and/or noise in the buffer. 
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first high to low tra nsition of SCLK may be on clock #6 to #9. The timing relationship between SLCK, 
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Figure 9. Serial Output Timing 
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The external reference circuitry need only 
provide the residual charge required to fully 
charge the array after pre-charging from the 
buffer. This creates an ac current load as the 
CS5016 sequences through conversions. The 
reference circuitry must have a low enough 
output impedance to drive the requisite current 
without changing its output voltage significantly. 
As the analog input signal varies, the switching 
sequence of the internal capacitor array changes. 
The current load on the external reference 
circuitry thus varies in response with the analog 
input. Therefore, the external reference must 
not exhibit significant peaking in its output 
impedance characteristic at signal frequencies or 
their harmonics. 




R =2-rr(C^+C2)fpeak 
Figure 10. Reference Connections 

A large capacitor connected between VREF and 
AGND can provide sufficiently low output 
impedance at the high end of the frequency 
spectrum, while almost all precision references 
exhibit extremely low output impedance at dc. 
The presence of large capacitors on the output of 
some voltage references, however, may cause 
peaking in the output impedance at intermediate 
frequencies. Care should be exercised to ensure 
that significant peaking does not exist or that 
some form of compensation is provided to 
eliminate the effect. 

The magnitude of the current load on the 
external reference circuitry will scale to the 
master clock frequency. At full speed (4MHz 



clock), the reference must supply a maximum 
load current of lOjxA peak-to-peak (l^iA typical). 
An output impedance of 2Q, will therefore yield 
a maximum error of 20nV. With a 4.5V reference 
and LSB size of 69|jV, this would insure 
approximately 1/4 LSB accuracy. A 10|llF 
capacitor exhibits an impedance of less than 2Q 
at frequencies greater than 16kHz. A high-quality 
tantalum capacitor in parallel with a smaller 
ceramic capacitor is recommended. 

Peaking in the reference's output impedance can 
occur because of capacitive loading at its output. 
Any peaking that might occur can be reduced by 
placing a small resistor in series with the 
capacitors (Figure 10). The equation in Figure 10 
can be used to help calculate the optimum value 
of R for a particular reference. The term "fpeak" 
is the frequency of the peak in the output 
impedance of the reference before the resistor is 
added. 

The CS5016 can operate with a wide range of 
reference voltages, but signal-to-noise perfor- 
mance is maximized by using as wide a signal 
range as possible. The recommended reference 
voltage is 4.5 volts. The CS5016 can actually 
accept reference voltages up to the positive 
analog supply. However, the buffer's offset may 
increase as the reference voltage approaches 
VA+ thereby increasing external drive require- 
ments at VREF. A 4.5V reference is the maxi- 
mum reference voltage recommended. This 
allows 0.5V headroom for the internal reference 
buffer. Also, the buffer enlists the aid of an 
external 0.1 pF ceramic capacitor which must be 
tied between its output, REFBUF, and the nega- 
tive analog supply, VA-. For more information 
on references, consult "Application Note: 
Voltage References for the CS50IX/CSZ5IIX 
Series of AID Converters'', 

Analog Input Connection 

The analog input terminal functions similarly to 
the VREF input after each conversion when 
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switching into the track mode. During the first 
six master clock cycles in the track mode, the 
buffered version of the analog input is used for 
pre-charging the capacitor array. An additional 
period is required for fine-charging directly from 
AIN to obtain the specified accuracy. Figure 11 
exemplifies this operation. During pre-charge the 
charge on the capacitor array first settles to the 
buffered version of the analog input. This 
voltage is offset from the actual input voltage. 
During fine-charge, the charge then settles to the 
accurate unbuffered version. 
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Figure 11. Internal Acquisition Time 

The acquisition time of the CS5016 depends on 
the master clock frequency. This is due to a fixed 
pre-charge period. For instance, operating the 
-16 version with an external 4MHz master clock 



results in a 3.75^s acquisition time: 1.5|xs for 
pre-charging (6 clock cycles) and 2.25^s for 
fine-charging. Fine-charge settling is specified as 
a maximum of 2.25p.s for an analog source 
impedance of less than 200Q. In addition, the 
comparator requires a source impedance of less 
than 400^ around 2MHz for stability, which is 
met by practically all bipolar op amps. Large dc 
source impedances can be accommodated by 
adding capacitance from AIN to ground 
(typically 200pF) to decrease source impedance 
at high frequencies. However, high dc source 
resistances will increase the input's RC time con- 
stant and extend the necessary acquisition time. 

The CS5016 can track full power signals up to 
25kHz in the track mode. During the first 
six clock cycles following a conversion 
(pre-charge), the CS5016 is capable of slewing at 
5V/IXS in unipolar mode. In bipolar mode, only 
half the capacitor array is connected to the 
analog input so the CS5016 can slew at lOV/ixs. 
After the first six master clock cycles, it will 
slew at 0.25V/^is in the unipolar mode and 
0.5V/^is in bipolar mode. Acquisition of fast 
slewing signals (step functions) can be hastened 
if the step occurs during or immediately 
following the conversion cycle. For instance, 
channel selection in multiplexed applications 
should occur while the CS5016 is converting 
(see Figure 12). Multiplexer settling is thereby 
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removed from the overall throughput equation, 
and the CS5016 can convert at full speed. 

Analog Input Range/Coding Format 

The reference voltage directly defines the input 
voltage range in both the unipolar and bipolar 
configurations. In the unipolar configuration 
(BP/UP low), the first code transition occurs 0.5 
LSB above AGND, and the final code transition 
occurs 1.5 LSB's below VREF. Coding is in 
straight binary format. In the bipolar configura- 
tion (BP/UP high), the first code transition 
occurs 0.5 LSB above -VREF and the last transi- 
tion occurs 1.5 LSB's below +VREF. Coding is 
in an offset-binary format. Positive full scale 
gives a digital output of 1111111111111111, and 
negative full scale gives a digital output of 
0000000000000000. 

Grounding and Power Supply Decoupling 

The CS5016 uses the analog ground connection, 
AGND, only as a reference voltage. No dc 
power currents flow through the AGND connec- 
tion, and it is completely independent of DGND. 
However, any noise riding on the AGND input 
relative to the system's analog ground will 
induce conversion errors. Therefore, both the 
analog input and reference voltage should be 
referred to the AGND pin, which should be used 
as the entire system's analog ground. 

The digital and analog supplies are isolated 
within the CS5016 and are pinned out separately 
to minimize coupling between the analog and 
digital sections of the chip. All four supplies 
should be decoupled to their respective grounds 
using 0.1 |xF ceramic capacitors. If significant 
low-frequency noise is present on the supplies, 
lloF tantalum capacitors are recommended in 
parallel with the O.lfxF capacitors. 

The positive digital power supply of the CS5016 
must never exceed the positive analog supply by 
more than a diode drop or the CS5016 could 



experience permanent damage. If the two 
supplies are derived from separate sources, care 
must be taken that the analog supply comes up 
first at power-up. The system connection 
diagram on page 79 shows a decoupling scheme 
which allows the CS5016 to be powered from a 
single set of ± 5V rails. The positive digital 
supply is derived from the analog supply through 
a lOQ resistor to avoid the analog supply 
dropping below the digital supply. If this scheme 
is utilized, care must be taken to insure that any 
digital load currents (which flow through the 
lOQ resistors) do not cause the magnitude of 
digital supplies to drop below the analog sup- 
plies by more than 0.5 volts. Digital supplies 
must always remain above the minimum 
specification. 

As with any high-precision A/D converter, the 
CS5016 requires careful attention to grounding 
and layout arrangements. However, no unique 
layout issues must be addressed to properly 
apply the CS5016. The CDB5016 evaluation 
board is available for the CS5016, which avoids 
the need to design, build, and debug a high- 
precision PC board to initially characterize the 
part. The board comes with a socketed CS5016, 
and can be quickly reconfigured to simulate any 
combination of sampling, calibration, master 
clock, and analog input range conditions. 

CS5016 PERFORMANCE 

Differential Nonlinearity 

The most prevalent source of nonlinearity in 
high resolution converters is bit weight errors. 
These errors arise from the deviation of bits from 
their ideal binary-weighted ratios, and lead to 
nonideal widths for each code. If DNL errors are 
large, and code widths shrink to zero, it is 
possible for one or more codes to be entirely 
missing. The CS5016 calibrates all bits in the 
capacitor array to ± 1/4 LSB resulting in nearly 
ideal DNL. A histogram plot of typical DNL can 
be seen in Figure 13. 
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A histogram test is a statistical method of 
deriving an A/D converter's differential non- 
linearity. A ramp is input to the A/D and a large 
number of samples are taken to insure a high 
confidence level in the test's result The number 
of occurrences for each code is monitored and 
stored. A perfect A/D converter would have all 
codes of equal size and therefore equal numbers 
of occurrences. In the histogram test a code with 
the average number of occurrences will be 
considered ideal (DNL = 0). A code with more or 
less occurrences than average will appear as a 
DNL of greater or less than zero LSB. A missing 
code has zero occurrences, and will appear as a 
DNL of -1 LSB. 

Integral Nonlinearity 

Integral nonlinearity is defined as the deviation 
of the transfer function from an ideal straight line 
through zero and full scale. Even if differential 
linearity errors are small, they may combine to 
produce a gross INL error at some point in the 
transfer function. A unique calibration algorithm, 
a lack of superposition of errors due to a 
capacitor based DAC, and low capacitor voltage 
coefficient keep INL errors below 0.0015% of 
full scale. 

Noise 

An A/D converter's noise can be described like 
that of any other analog component. However, 
the converter's output is in digital form so any 
filtering of its noise must be performed in the 



digital domain. Digitized samples of analog 
inputs are often considered individual, static 
snap-shots in time with no uncertainty or noise. 
In reality, the result of each conversion depends 
on the analog input level and the instantaneous 
value of noise sources in the ADC. If sequen- 
tial samples from the ADC are treated 
as a "waveform", simple filtering can be 
implemented in software to improve noise 
performance with minimal processing overhead. 

All analog circuitry in the CS5016 is wideband 
in order to achieve fast conversions and 
high throughput. Wideband noise in the CS5016 
integrates to 35pV rms in unipolar mode 
(70)jV rms in bipolar mode). This is approx- 
imately 1/2 LSB rms with a 4.5V reference in 
both modes. Figure 14 shows a histogram plot of 
output code occurrences obtained from 5000 
samples taken from a CS5016 in the bipolar 
mode. Hexadecimal code 80CD was arbitrarily 
selected and the analog input was set close to 
code center. With a noiseless converter, code 
80CD would always appear. The histogram plot 
of the CS5016 has a "bell" shape with all codes 
other than 80CD due to internal noise. 

In a sampled data system all information about 
the analog input applied to the sample/hold 
appears in the baseband from dc to one-half the 
sampling rate. This includes high-frequency 
components which alias into the baseband. Low- 
pass (anti-alias) filters are therefore used to 
remove frequency components in the input 
signal which are above one-half the sample rate. 
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Figure 13. CS5016 Differential Nonlinearity Plot 
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'80CD 
Code (Hexadecimal) 
911 3470 599 



^^ Noiseless Converter 
YA CS5016 



80CF '80D0 



Counts: 11 911 3470 599 9 

Figure 14. Histogram Plot of 5000 Conversion Inputs 

However, all wideband noise introduced by the 
CS5016 still aliases into the baseband. This 
"white" noise is evenly spread from do to one- 
half the sampling rate and integrates to 35|jV rms 
in unipolar mode. 

Noise in the digital domain can be reduced by 
sampling at higher than the desired word rate 
and averaging multiple samples for each word. 
Oversampling spreads the CS5016's noise over a 
wider band (for lower noise density), and 
averaging applies a low-pass response which 
filters noise above the desired signal bandwidth. 
In general, the CS5016's noise performance can 
be maximized in any application by always 
sampling at the maximum specified rate of 
50kHz (for lowest noise density) and digitally 
filtering to the desired signal bandwidth. 

More sophisticated bandlimiting filters other 
than averaging can be implemented in software 
for better roll-off and noise improvement. One 
example of an FIR (Finite Impulse Response) 
filter is effectively a rolling, weighted average of 
sequential samples. Such filters can be imple- 
mented with very little processing overhead, or 
alternatively, dedicated DSP chips can be used to 
implement all system filtering. Digital filters 
offer the benefits of ideal accuracy and stable, 
repeatable response independent of time and 
environmental conditions. 



Clock Feedthrough 

Maintaining the integrity of analog signals in the 
presence of digital switching noise is a difficult 
problem. The CS5016 can be synchronized to 
the digital system using the CLKIN input to 
avoid conversion errors due to asynchronous 
interference. However, digital interference will 
still affect sampling purity due to coupling 
between the CS5016's analog input and master 
clock. 

The effect of clock feedthrough depends on the 
sampling conditions. If the sampling signal at the 
HOLD input is synchronized to the master clock, 
clock feedthrough will appear as a dc offset at 
the CS5016's output. The offset could theoreti- 
cally reach the peak coupling magnitude 
(Figure 15), but the probability of this occurring 
is small since the peaks are spikes of short dura- 
tion. 




Master Clock 
Int/Ext Freq 


Analog Input 
Source Impedance 


Clock Feedthrough 
RMS Peak-to-Peak 


Internal 2MHz 


50O 


15uV 70uV 


External 2MHz 


50O 


25uV 110uV 


External 4MHz 


son 


40uV 150uV 


External 4MHz 


25 O 


25uV 110uV 


External 4MHz 


200 n 


80uV 325uV 



Figure 15. Examples of Measured Clock Feedthrough 

If sampling is performed asynchronously with 
the master clock, clock feedthrough will appear 
as an ac error at the CS5016's output. With a 
fixed sampling rate, a tone will appear as the 
clock frequency aliases into the baseband. The 
tone frequency can be calculated using the 
equation below and could be selectively filtered 
in software using DSP techniques. 

^one= ^Nfs-fcik) 
where N=fgm/fg rounded to the nearest integer 

The magnitude of clock feedthrough depends on 
the master clock conditions and the source 
impedance applied to the analog input. When 
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operating with the CS5016's internally generated 
clock, the CLKIN input is grounded and the 
dominant source of coupling is through the 
device's substrate. As shown in Figure 15, a 
typical CS5016 operating with its internal 
oscillator at 2MHz and 50Q of analog input 
source impedance will exhibit only 15|jV rms of 
clock feedthrough. However, if a 2MHz external 
clock is applied to CLKIN under the same 
conditions, feedthrough increases to 25mV rms. 
Feedthrough also increases with clock frequen- 
cy; a 4MHz clock yields 40pV rms. 

Clock feedthrough can be reduced by limiting 
the source impedance applied at the analog 
input. As shown in Figure 15, reducing source 
impedance from 50Q to 25Q. yields a 15mV rms 
reduction in feedthrough. Therefore, when 
operating the CS5016 with high-frequency exter- 
nal master clocks, it is important to minimize 
source impedance applied to the CS5016's input. 

Also, the overall effect of clock feedthrough can 
be minimized by maximizing the input range and 
LSB size. The reference voltage applied to 
VREF can be maximized, and the CS5016 can 
be operated in bipolar mode which inherently 
doubles the LSB size over the unipolar mode. 

Power Supply Rejection 

The CS5016's power supply rejection 
performance is enhanced by the on-chip self- 
calibration and an "auto-zero" process. Drifts in 
power supply voltages at frequencies less than 
the calibration rate have negligible effect on the 
CS5016's accuracy. This, of course, is because 
the CS5016 adjusts its offset to within a small 
fraction of an LSB during calibration. Above the 
calibration frequency the excellent power supply 
rejection of the internal amplifiers is augmented 
by an auto-zero process. Any offsets are stored 
on the capacitor array and are effectively 
subtracted once conversion is initiated. Figure 16 
shows power supply rejection of the CS5016 in 
the bipolar mode with the analog input grounded 



and a 300mV p-p ripple applied to each supply. 
Power supply rejection improves by 6dB in the 
unipolar mode. 
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Figure 16. Power Supply Rejection 



Notches of increased rejection arise from the 
auto-zeroing at the conversion rate. The frequen- 
cies at which these notches occur also depend on 
the value of the captured analog input. The line 
shows worst-case rejection for all combinations 
of conversion rates and input conditions in the 
bipolar mode. Again, power supply rejection is 
6dB better in the unipolar mode. 

Aperture Jitter 

Track-and-hold amplifiers commonly exhibit 
two types of aperture jitter. The first, more 
appropriately termed "aperture window", is an 
input voltage dependent variation in the aperture 
delay. Its signal-dependency causes distortion at 
high frequencies. The CS5016's proprietary 
architecture avoids applying the input voltage 
across a sampling switch, thus avoiding any 
"aperture window" effects. The second type of 
aperture jitter, due to component noise, assumes 
a random nature. With only lOOps peak-to-peak 
aperture jitter, the CS5016 can process full-scale 
signals up to 1/2 the throughput frequency 
without any errors due to aperture jitter. 
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HOLD 


CS 


CAL 


INTRLV 


RD 


AO 


RST 


Function 


1 


X 


X 


X 


X 


♦ 





Hold and Start Convert 


X 





1 


X 


X 


* 





Initiate Burst Calibration 


1 








X 


X 


* 





Stop Burst Cal and Begin Track 


X 





X 





X 


* 





Initiate Interleave Calibration 


X 





X 


1 


X 


* 





Terminate Interleave Cal 


X 





X 


X 





1 





Read Output Data 


1 





X 


X 











Read Status Register 


X 


1 


X 


X 


X 


* 


X 


High Impedance Data Bus 


X 


X 


X 


X 


1 


* 


X 


High Impedance Data Bus 


X 


X 


X 


X 


X 


X 


1 


Reset 








X 


X 


X 





X 


Reset 



* The status of AO is not critical to the operation specifled. However, AO should not be low with CS and HOLD low, or a software 
reset will result. 



CS5016 Truth Table 



+5V 

Analog 

Supply 



Analog 
Signal 
Source 



Signal 
Conditioning 



26. 



/ 



► VREF 
or 
+VREF 



Voltage 
Reference 



jLcQlkl 



28 



uF 



10 uF 



V 



0.1 



-5V 

Analog o- 
Supply 



x. 



27 



uF 



29 
O.llilF 



25 
"VAT 



ion 
-AAAr- 



VD+ 
BW 
BP/OP 



CLKIN 



CS5016 



AIN 



SDATA 
SCLK 



D0-D15 

HOC 

EOT 

HOLD 



CAL 



VREF 



AGND 

REFBUF 

VA- 

~3d — 



INTRLVl- 
CS 
RD 
AO 

RESET 
TST 

DGND 
VD- 



10 n 



36 



33 



24 



0.1 



Mode 
Select 



uF 




20 



Clock 
Source 
(optional) 



40 



39 



Serial 

Data 
Interface 
(optional) 



8 or 16 



Data 
Processor 



38 



37 



35 



34 



^ 



22 



23 



Control 
Logic 



May 
mien 
ordi! 

J 



May be 
microprocessor 
or discrete logic. 



32 



31 



0.l|uF 



Reset 
Generator 



1_ 



System Connection Diagram 
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PIN DESCRIPTIONS 



HOLD 

DATA BUS BIT 

DATA BUS BIT 1 

DATA BUS BIT 2 

DATA BUS BIT 3 

DATA BUS BIT 4 

DATA BUS BIT 5 

DATA BUS BIT 6 

DATA BUS BIT 7 

DIGITAL GROUND 

POSITIVE DIGITAL POWER 

DATA BUS BIT 8 

DATA BUS BIT 9 

DATA BUS BIT 10 

DATA BUS BIT 11 

DATA BUS BIT 12 

DATA BUS BIT 13 

DATA BUS BIT 14 

DATA BUS BIT 15 

CLOCK INPUT 



HOLD 

DO 

01 

02 

03 

04 

05 

06 

07 

OGNO 

V0+ 

08 

09 
010 
Oil 
012 

013 d17 

014 [18 

015 [19 
CLKIN [ 20 



[2 
[3 
[4 
[5 
[6 
P7 
8 

d9 

dio 

11 

ni2 

[13 

di4 

15 

ni6 



CS5016 



40] 

39] 

38] 

37 

36 

35 

34 



33] 

32p 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22] 

21] 



SOMA 


SERIAL OUTPUT 


SCLK 


SERIAL CLOCK 


EOC 


END OF CONVERSION 


EOT 


END OF TRACK 


VO- 


NEGATIVE DIGITAL POWER 


CAL 


CALIBRATE 


INTRLV 


INTERLEAVE 


BW 


BUS WIDTH SELECT 


RST 


RESET 


TST 


TEST 


VA- 


NEGATIVE ANALOG POWER 


REFBUF 


REFERENCE BUFFER OUTPUT 


VREF 


VOLTAGE REFERENCE 


AGNO 


ANALOG GROUND 


AIM 


ANALOG INPUT 


VA+ 


POSITIVE ANALOG POWER 


BP/UP 


BIPOLAR/UNIPOLAR SELECT 


AO 


READ ADDRESS 


RO 


READ 


CS 


CHIP SELECT 



Power Supply Connections 

VD+ - Positive Digital Power, PIN 11. 

Positive digital power supply. Nominally +5 volts. 

VD- - Negative Digital Power, PIN 36. 

Negative digital power supply. Nominally -5 volts. 

DGND - Digital Ground, PIN 10. 

Digital ground reference. 

VA+ - Positive Analog Power, PIN 25. 

Positive analog power supply. Nominally +5 volts. 

VA- - Negative Analog Power, PIN 30. 

Negative analog power supply. Nominally -5 volts. 

AGND - Analog Ground, PIN 27. 

Analog ground reference. 
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Oscillator 



CLKIN - Clock Input, PIN 20. 

All conversions and calibrations are timed from a master clock which can either be supplied by 
driving this pin with an external clock signal, or can be internally generated by tying this pin to 
DGND. 



Digital Inputs 

HOED- Hold, PIN 1. 

A falling transition on this pin sets the CS5016 to the hold state and initiates a conversion. This 
input must remain low at least one master clock cycle plus 50ns. 

CS- Chip Select, PIN 21. 

When high, the data bus outputs are held in a high impedance state and the input to CAL and 
INTRLV are ignored. A falling transition initiates or terminates burst or interleave calibration 
(depending on the status of CAL and INTRLV) and a rising transition latches both the CAL and 
INTRLV inputs. If RD is low, the data bus is driven as indicated by B W and AO. 

RD-Read,Pm22. _ 

When RD and CS are both low, data is driven onto the data bus. If either signal is high, the data 
bus outputs are held in a high impedance state. The data driven onto the bus is determined by 
BWandAO. 

AO - Read Address, PIN 23. 

Determines whether data or status information is placed onto the data bus. When high during 
the read operation, converted data is placed onto the data bus; when low, the status register is 
driven onto the bus. 

BP/DP - Bipolar/Unipolar Input Select, PIN 24. 

When high, the device is configured with a bipolar transfer function ranging from -VREF to 
+VREF. Encoding is in an offset binary format, with the mid-scale code 100...0000 centered at 
AGND. When low, the device is configured for a unipolar transfer function from AGND to 
VREF. Unipolar encoding is in straight binary format. 

RST- Reset, PIN 32. 

When taken high, all internal digital logic is reset. Upon being taken low, a full calibration 
sequence is initiated. 
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BW - Bus Width Select, PIN 33. 

When hard- wired high, all 16 data bits are driven onto the bus simultaneously during a data 
read cycle. When low, the bus is in a byte wide format. On the first read following a conversion, 
the eight MSB's are driven onto D7-D0. A second read cycle places the eight LSB's on D7-D0. 
Subsequent reads will toggle the higher/lower order byte. Regardless of BW's status, a read 
cycle with AO low yields the status information on D7-D0. 

INTRLV - Interleave, PIN 34. 

When latched low using CS, the device goes into interleave calibration mode. A full calibration 
will complete every 79,192 conversions. The effective conversion time extends by 20 clock 
cycles. 

CAL - Calibrate, PIN 35. (See note on page 85.) 

When latched high using CS, burst calibration results. The device cannot perform conversions 
during the calibration period which will terminate only once CAL is latched low again. 
Calibration picks up where the previous calibration left off, and calibration cycles complete 
every 1,443,840 master clock cycles. If the device is converting when a calibration is signaled, 
it will wait until that conversion completes before beginning. 



Analog Inputs 

AIN - Analog Input, PIN 26. 

Input range in the unipolar mode is zero volts to VRER Input range in bipolar mode is - VREF 
to +VREF. The output impedence of buffer driving this input should be less than or equal to 
200Q. 

VREF - Voltage Reference, PIN 28. 

The analog reference voltage which sets the analog input range. It represents positive full scale 
for both bipolar and unipolar operation, and its magnitude sets negative full scale in bipolar 
mode. 



Digital Outputs 

DO through D15 - Data Bus Outputs, PmS 2 thru 9, 12 thru 19. 

3-state output pins. Enabled by CS and RD, they offer the converter's 16-bit output in a format 
consistent with the state of BW if AO is high. If AO is low, bits D0-D7 offer status register. 

EOT - End Of Track, PIN 37. 

If low, indicates that enough time has elapsed since the last conversion for the device to acquire 
the analog input signal (3.75|is for 4MHz external clock). 
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EOC - End Of Conversion, PIN 38. 

This output indicates the end of a conversion or calibration cycle. It is high during a conversion 
and will fall to a low state upon completion of the conversion cycle indicating valid data is 
available at the output. Returns high on the first subsequent read or the start of a new 
conversion cycle. 

SDATA - Serial Output, PIN 40. 

Presents each output data bit after it is determined by the successive approximation algorithm. 
Valid on the rising edge of SCLK, data appears MSB first, LSB last, and each bit remains valid 
until the next bit appears. 

SCLK - Serial Clock Output, PIN 39. 

Used to clock converted output data serially from the CS5016. Serial data is stable on the rising 
edge of SCLK. 



Analog Outputs 

REFBUF - Reference Buffer Output, PIN 29. 

Reference buffer output A O.IjjF ceramic capacitor must be tied between this pin and VA-. 



Miscellaneous 

TST- Test, PIN 3L 

Allows access to the CS5016's test functions which are reserved for factory use. Must be tied to 
DGND. 
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ERROR DEFINITIONS 



Linearity Error - The deviation of a code from a straight line passing through the endpoints of the 
transfer function after zero- and full-scale errors have been accounted for. "Zlero-scale" is a 
point 1/2 LSB below the first code transition and "full-scale" is a point 1/2 LSB beyond the 
code transition to all ones. The deviation is measured from the middle of each particular code. 
Units in LSB's. 

Differential Linearity - The deviation of a code's width from the ideal width. Units in LSB's. 

Full Scale Error - The deviation of the last code transition from the ideal (VREF-3/2 LSB's). 
Units in LSB's. 

Unipolar Offset - The deviation of the first code transition from the ideal (1/2 LSB above AGND) 
when in unipolar modfe (BP/UP low). Units in LSB's. 

Bipolar Offset - The deviation of the mid-scale transition (011...111 to 100...000) from the ideal 
(1/2 LSB below AGND) when in bipolar mode (BP/UP high). Units in LSB's. 

Bipolar Negative FuU-Scale Error - The deviation of the first code transition from the ideal when in 
bipolar mode (BP/UP high). The ideal is defined as lying on a straight line which passes 
through the final and mid-scale code transitions. Units in LSB's. 

Aperture Time - The time required after the hold command for the sampling switch to open fully. 
Effectively a sampling delay which can be nulled by advancing the sampling signal. Units in 
nanoseconds. 

Aperture Jitter - The range of variation in the aperture time. Effectively the "sampling window" 
which ultimately dictates the maximum input signal slew rate acceptable for a given accuracy. 
Units in picoseconds. 



Note: Temperatures specified define ambient conditions in free-air during test and do not refer 
to the junction temperature of the device. 
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Ordering Guide 



IVIodel 


Linearity 


Convergjon Time 


Temp, Range 


Package 


CS5016-JC32 


.0030% 


32.50 MS 


to 70 °C 


40-Pin Ceramic Side-Brazed DIP 


CS5016-JC16 


.0030% 


16.25 ms 


to 70 °C 


40-Pin Ceramic Side-Brazed DIP 


CS5016-KC32 


.0015% 


32.50 lis 


to 70 X 


40-Pin Ceramic Side-Brazed DIP 


CS5016-KC16 


.0015% 


16.25 ms 


to 70 X 


40-Pin Ceramic Side-Brazed DIP 


CS5016-AC32 


.0030% 


32.50 MS 


-40 to +85 °C 


40-Pin Ceramic Side-Brazed DIP 


CS5016-AC16 


.0030% 


16.25 ms 


-40 to +85 ^C 


40-Pln Ceramic Side-Brazed DIP 


CS5016-BC32 


.0015% 


32.50 MS 


-40 to +85 ^C 


40-Pin Ceramic Side-Brazed DIP 


CS5016-BC16 


.0015% 


16.25 ms 


-40 to +85 ^C 


40-Pin Ceramic Side-Brazed DIP 


CS5016-SC16 


.0030% 


16.25 ms 


-55 to +125 ^C 


40-Pin Ceramic Side-Brazed DIP 


CS5016-TC16 


.0015% 


16.25 ms 


-55 to +125*^0 


40-Pln Ceramic Side-Brazed DIP 



ADDENDUM 

Burst Calibration 

Burst calibration mode allows control of partial calibration cycles. Due to an unforeseen condition 
inside the part, asynchronous termination of calibration (CAL brought low) may result in a sub-optimal 
calibration result. It is recommended that burst calibration is not used, until the silicon is revised to 
prevent this effect. 

The reset and interleave mode work perfectly, and should be used instead of burst mode. The CS5016's 
very low drift over temperature means that, under most circumstances, calibration need only be 
performed at power-up, using reset (See Analog Characteristics table on the second page of this data 
sheet). 

If you wish to use burst calibration, then please contact the factory for advice and new part availability 
information. 
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CS7820 



High Speed S-Bit A-to-D with Tracic and Moid 



Features 

• Completely Self-Contained 

On-Chip Track and Hold 
Microprocessor Interface 
Internal Clock 
Overrange Flag 

• Fast Conversions: 1 .36us max 

• True 8-Bit Accuracy over Temperature 

No Trims Required 
No Missing Codes 

• Low Power Dissipation: lOOmWmax 

• Replaces ADC0820 and AD7820 

• Single +5V Supply 

• Improved Latch-up Resistance 



General Description 

The CS7820 is a low-cost, easy to use, microprocessor 
compatible 8-bit analog-to-digital converter with on- 
chip track-and-hold function. Use of CMOS and half- 
flash techniques allow both high throughput rates 
(1 .36us max conversion time) and low power requirements 
(100mW max over the full Mil temperature range.) 

The input to the CS7820 is tracked and held by on-chip 
sampling circuitry, eliminating the need for an external 
track-and-hold amplifier for input signals slewing at 
less than 100mV/us. 

The CS7820 is designed to appear as a memory bcatbn 
or I/O port to a microprocessor without additional external 
interfacing logic. All of the data outputs use latched, three- 
state output buffers, allowing direct connection to a data 
bus or input port on a microprocessor system. 

The CS7820 is pin compatibJe with the ADC0820 and 
AD7820. 

ORDERING INFORMATION: Page 88 




HefW 






4-BIT 

FLASH 

ADC 

(4MSB) 




18 



M^W 



16 -^ 



4-BIT 

FLASH 

ADC 

(4LSB) 



H OUTPUT 

LATCH 

AND 

THREE 

STATE 

DRIVERS 



10 



TIMING AND CONTROL CIRCUITRY 



GND MODE WR/RDY CS 



RD 



INT 



^OFL 




19<5 N/C 
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Crystal Semiconductor Corporation 

P.O. Box 17847, Austin, Texas 78760 
(512)445-7222 TWX:91 0-874-1 352 



^mSS^SmSmm CS7820 

ANALOG CHARACTERISTICS 

(Vdd = +5V; Vref(+) = +5V; Vref(-) = GND = OV; RD-Mode; Ta - Tmin to Tmax unless otherwise stated.) 



Parameter 


CS7820-K,L 
nnin typ max 


CS7820-B,C 
min typ max 


CS7820-T,U 
min typ 


max 


Units 


Specified Temperature Range 


to +70 


-40 to +85 


-55 to +125 


°C 


Accuracy 


Resolution 

Total Unadjusted Error -K/B/T 
(Note 1) -L/C/U 
No Missing Code Resolution 


8 
8 


+1 
+1/2 


8 
8 


+1 
+1/2 


8 
8 


±1 
+1/2 


Bits 
LSB 
LSB 

Bits 


Reference Input \ 


Input Resistance 


1.0 


4.0 


1.0 


4.0 


1.0 


4.0 


ka 


Vref(+) Input Voltage Range 


M^efO 


NfcD 


M^efH 


M)D 


M^efH 


M)D 


V 


Vref(") 'nput Voltage Range 


GND 


VrefW 


GND 


M^ef(+) 


GND 


M^efW 


V 


Analog Input 


Voltage Range 


GND-0.1 


M)D+0.1 


GND-0.1 


Nfco+O.l 


GND-0.1 


M)D+o.i 


V 


Leakage Current (V,n= OV to 5V) 


+3 


+3 


+3 


uA 


Capacitance (Note 2) 


45 


45 


45 


PF 


Slew Rate, Tracking (Note 2) 


0.2 


0.1 


0.2 


0.1 


0.2 


0.1 


V/us 


Power Supply 


Supply Range for Specified 
Operation 


4.75 


5.25 


4.75 


5.25 


4.75 


5.25 


V 


Supply Current (CS=RD=:OV) 


15 


20 


20 


mA 


Power Dissipation 


40 


40 


40 


mW 


Power Supply Sensitivity VbD«5V+5% 


±1/16 


+1/4 


+1/16 


+1/4 


+1/16 


+1/4 


LSB 



Notes: 1 . Total unadjusted Error includes offset, full-scale and linearity errors. 
2. Sample tested at 25''C to assure compliance. 



Ordering Guide 



IVIocfel 


Error 


Temp Range 


Package 


CS7820-KP 


±1LSB 


to 70°C 


20-Pln Plastic DIP 


CS7820-LP 


± 1/2 LSB 


to 70^C 


20-Pin Plastic DIP 


CS7820-BD 


±1LSB 


-40 to 85^C 


20-Pin CerDIP 


CS7820-CD 


± 1/2 LSB 


-40 to 85^0 


20-Pin CerDIP 


CS7820-TD 


±1LSB 


-55 10 125*^0 


20-Pin CerDIP 


CS7820-UD 


± 1/2 LSB 


-55 to125°C 


20-Pln CerDIP 



Specifications are subject to change without notice. 
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SWITCHING CHARACTERISTICS (Vdd = 5V; Vref(+) = 5V; Vref(-) = GND = OV. ( Note 6)) 


Parameter 


Symbol 


CS7820-K,L 
MIn Typ Max 


CS7820-B,C 
Mln Typ Max 


CS7820-T,U 
Min Typ Max 


Units 


CS to RD/WR Setup Time Ta = 25^) 
Ta « TminIo Tmax 


tcss 














ns 
ns 


CS to RD/WR Hold Time Ta = 25t^ 
Ta = TMiNto Tmax 


tcSH 














ns 
ns 


CS to RDY Delay with Ta = 25"C 
a2kaPull-Up TA-TMiNtoTMAX 


tRDY 

(Note 3) 


70 
90 


70 
90 


70 
100 


ns 
ns 


Conversion Time, Ta = 25t) 
RDMode Ta « TwiNto Tmax 


tCRD 


1.6 
2.0 


1.6 
2.0 


1.6 
2.5 


us 
us 


Data Access Time, Ta = 25'C 
RDMode Ta « TMiNto Tmax 


tACCO 

(Note 4) 


tcRD+35 
tcRD+35 


tcRD+35 
tcRD+45 


tcRD+35 
tcRD+60 


ns 
ns 


RD to INT Delay, Ta = 25'C 
RDMode Ta - TMiNto Tmax 


tiNTH 

(Note 3) 


125 175 
225 


125 175 
225 


125 175 
225 


ns 
ns 


Data Hold Time Ta«25'*C 

TA=TMINtoTMAX 


tDH 
(Note 5) 


60 
80 


60 
80 


60 
100 


ns 
ns 


Delay Time between Ta = 25"C 
Conversions Ta « TMiNto Tmax 


tp 


500 
600 


500 
600 


500 
600 


ns 
ns 


Write Pulse Width TA = 25t; 
Ta = TMiNto Tmax 


tWR 


0.6 50 
0.6 50 


0.6 50 
0.6 50 


0.6 50 
0.6 50 


us 
us 


Conversion Time, Ta = 25^) 
WR/RD Mode Ta = TMiNto Tmax 


tcWR-RD 


1360 
1525 


1360 
1525 


1360 
1550 


ns 
ns 


Delay Time between WR Ta = 25*C 
and RD Pulses Ta = TMiNto Tmax 


tRD 


600 
700 


600 
700 


600 
700 


ns 
ns 


Data Access Time, WR-RD Ta = 25*C 
Mode (Fig. 6) Ta « TMiNto Tmax 


tACCI 

(Note 4) 


160 
225 


160 
225 


160 
250 


ns 
ns 


RD to INT Delay Ta - 25*1) 
Ta = TMiNto Tmax 


tRI 


140 
200 


140 
200 


140 
225 


ns 
ns 


WR to INT Delay Ta = 25"C 
Ta = TMiNto Tmax 


tjNTL 
(Note 3) 


700 1000 
1400 


700 1000 
1400 


700 1000 
1700 


ns 
ns 


Data Access Time, WR-RD Ta = 25"C 
Mode (Fig. 5) Ta = TMiNto Tmax 


tACC2 

(Note 4) 


70 
90 


70 
90 


70 
110 


ns 
ns 


WR to INT Delay, Stand- Ta = 25tJ 
Alone Operation Ta = TMiNto Tmax 


tlHWR 

(Note 3) 


100 
130 


100 
130 


100 
150 


ns 
ns 


Data Access Time Ta = 25**C 
after INT, Stand- Ta = TMiNto Tmax 
Alone Operation 


t|D 


50 
65 


50 
65 


50 
75 


ns 
ns 



Notes: 3. CL = SOpF. 

4. Measured with the load shown in Fig. 1 , 

5. Measured with the load shown In Fig. 2, 
to change 0.5V. 

6. Sarnple tested to ensure compliance. 



and defined as the time for an output to cross 0.8V or 2.4V. 
and defined as the time required for the data lines (DO - D7) 
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+5V 



+5V 



DN 



DN- 



; loopF 



100pF 



DN I 



DN 



lOpF 



a. High-Z to VoH b. High-Z to Vol 

Figure 1. Load Circuits for Data Access Time Test 



a. VoH to High-Z b. Vol to High-Z 

Figure 2. Load Circuits for Data Hold Time Test 



DIGITAL CHARACTERISTICS (Ta = Tmin to Tmax; Vdd = 5V±5%; 

Vref(+) = 5V; Vref(-) = GND = OV; All measurements below are performed under static conditions.) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Logic Inputs (CS, WR,RD) 


High-Level Input Voltage 


V,H 


2.4 






V 


Low-Level Input Voltage 


V,L 






0.8 


V 


High-Level Input Current (CS, RD) 


ilH 






1 


uA 


High-Level Input Current (WR) 


ilH 






3 


uA 


Low-Level Input Current 


'IL 






-1 


uA 


Input Capacitance (Note 7) 






5 


8 


pF 


Logic Inputs (MODE) 


High-Level Input Voltage 


V|H 


3.5 






V 


Low-Level Input Voltage 


V|L 






1.5 


V 


High-Level Input Current 


liH 






200 


uA 


Low-Level Input Current 


>IL 






-1 


uA 


Input Capacitance (Note 7) 






5 


8 


pF 


Logic Outputs (D0-D7, OFL, INT) 


High-Level Output Voltage (@ -360uA) 


Vqh 


4.0 






V 


Low-Level Output Voltage (@ 1 .6mA) 


Vol 






0.4 


V 


Output Current (Leakage on D0-D7) 


lout 






+3 


uA 


Output Capacitance (Note 7) 






5 


8 


pF 



Note: 7. Sample tested at 25°G to ensure compliance. 



ABSOLUTE MAXIMUM RATING 


5S (GND = OV; 


All voltages with respect to ground.) 




Parameter 


Symbol 


Min 


Max 


Units 


Power Supply Voltage 


VoD 


-0.3 


10.0 


V 


Input Current, Any Pin Except Supply 


lin 


- 


±10 


mA 


Voltage, Any Pin Except Supply 


Vin 


-0.3 


H)D + 0-3 


V 


Ambient Operating Temperature 


Ta 


-55 


125 


X 


Storage Temperature 


TsTG 


-65 


150 


X 


Power Dissipation (Any Package) to 75 **C 
Derate above 75 'C 






500 
6 


mW 
mW/^'C 



WARNING: Operation at or beyond these limits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 
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WR 



Set-up time required 
by tlie internal 
comparators prior to 
starting conversion. 



I 

500ns 



Time for the analog 
input to be acquired 
and tracked 



600ns- 



Analog input is 
sampled and the 
decision on the 4 
MSB's is latched 



600ns- 



TTij RD brought low here 

"^ ' completes the ^ 

conversion and 
latches the output 



INT going low indicates 
that conversion is complete 
and the data is already 
latched at the output 



Figure 3. Basic Operation (WR-RD Mode) 



GENERAL DESCRIPTION 

The CS7820 generates an accurate 8-bit digital 
output representation of the analog input signal 
by making use of two 4-bit flash converters, and 
implementing a two-step conversion architec- 
ture. This approach achieves both high speed 
conversions and 8-bit accuracy without external 
user trims. The CS7820 also has an inherent 
track-and-hold input stage, which eliminates the 
need for an external track-and-hold in most 
applications. 

The two-step flash architecture first converts the 
4 MSB's (most significant bits.) These 4-bits of 
data drive an on-board DAC, whose output is 
subtracted from the analog input. The remainder 
is then fed into the second flash converter to 
generate the 4 LSB's (least significant bits.) The 
digital side of the CS7820 is designed for ease of 
operation and flexibility in use with micro- 
processors or in stand-alone operation. 

BASIC OPERATION 

The basic operating timing for the CS7820 in the 
WR-RD Mode is shown in Figure 3. A conver- 
sion is initiated by a falling edge on WR, which 
causes the input stage to start acquiring and 
tracking the analog input. The MSB flash con- 
verter comparators track the input as long as WR 
stays low, with a minimum of 600 ns required to 
acquire the input signal. When WR returns high, 
the 4 bits of the MSB flash converter output are 



latched into the output buffers, and the LSB flash 
converter begins. INT goes low about 700 ns 
later, indicating that the 4 LSB's of data are 
latched into the output buffer, and that the full 
conversion has been completed. The output data 
word is then accessed by bringing RD low. 

To control the conversion time externally, RD 
can be brought low as soon as 600 ns after WR 
goes high. This latches the 4 LSB's and outputs 
the data word on D0-D7. A minimum setup time 
of 500 ns is required after INT goes low before 
initiating another conversion (by WR going low.) 

DIGITAL INTERFACE 

The input level at the MODE pin determines the 
basic interface mode of the CS7820. A Logic 
Low input puts the converter in the RD mode. 
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Figure 4. RD Mode 
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while a Logic High input puts the converter in 
the WR-RD mode. 

RDMode 

The RD mode allows the user to control conver- 
sion and data access with the RD input (see 
Figure 4.) A conversion is initiated by bringing 
RD low, and it is kept low until output data ap- 
pears. This mode is useful for microprocessors 
that can be put into a WAIT state, since the 
processor can use a single READ instruction to 
initiate conversion, wait, and read the output 
data. 

In RD mode, pin 6 (WR/RDY) provides a status 
output, RDY, which can be used to drive the 
WAIT or READY input of a microprocessor. 
There is no internal pull-up on RDY (it is an 
open drain output). RDY goes low after the fall- 
ing edge of CS and then goes high impedance at 
the end of a conversion. An INT output pin is 
also available, which goes low at the end of a 
conversion and returns high on the rising edge of 
either RD or CS. 

WR'RDMode 

The WR-RD mode provides the fastest conver- 
sion time by allowing the user full control over 
the various stages in the conversion process. In 
this mode, pin 6 (WR/RDY) is used as a WRITE 
input to the converter. With CS low, a falling 
edge on WR initiates a conversion. Various 
options are available for reading the output data. 

Using internal delay. In this mode, the INT 
output is used to signal the processor to read the 
data (Figure 5.) INT goes low about 700 ns after 
the rising tdgc of WR, indicating that the 
conversion has been completed and the data 
word is available in the output latch. To access 
D0-D7, RD is brought low with CS lo w. The 
rising edge of either RD or CS resets INT. 
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— t;^ 
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ilfcllL 
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-t,N 
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tACC2-» 

Figure 5. WR-RD Mode (tRD > tiNTL) 



Using external RD timing. In this mode, the RD 
input can be used to externally minimize conver- 
sion time (Figure 6.) This mode is useful in 
applications with critical timing, since the inter- 
nal delay on INT can vary with supplies and 
temperature. (See the typical performance 
curves.) Bringing RD low before INT goes low 
completes the conversion and enables the output 
latch. This can b e don e as soon as 600 ns after 
the rising edge of WR. 

Pipelined operation. By tying WR and RD 
together, the CS7820 can be pipelined. With ^ 
low, bringing WR and RD low together both in- 
itiates a new conversion and enables the output 
latch so that the user can read the results of the 
previous conversion. 



^3 O 
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Figure 6. WR-RD Mode (Ird < tiNTL) 
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Stand-Alone operation. The CS7820 can also be 
used in stand-alone operation, by tying C5 and 
RD to ground. A conversion is initiated by bring- 
ing WR low, and the output data will be valid 
approximately 700 ns after the rising edge of 
WR. (Figure 7.) 
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^WR J 






k-tp-. 



INTL 3j 



K-tir 



D0-D7 



> 



VALID 
: , DATA 



r 



reference architecture also facilitates ratiometric 
applications. 

Inherent Track-and-Hold 

The equivalent input circuit for the CS7820 is 
shown in Figure 8a. The inherent sampling struc- 
ture means that a wide variety of high speed 
input signals can be measured without requiring 
an external track-and-hold. Typically, input 
signals with slew rates below 2Q0 nMjxs can be 
converted with full 8-bit accuracy. Faster input 
signals wiU start to degrade accuracy, because of 
input time constants and charge injection through 
the comparator input switches, but the degrada- 
tion will occur less quickly than on traditional 
successive approximation converters. 



Figure 7. WR-RD Mode 
Stand-Alone Operation (CS = RD = OV) 



ANALOG OPERATING INFORMATION 



The CS7820 tracks the analog input signal while 
WR is low, and holds the input signal approx- 
imately 100 ns after the rising edge of WR. This 
is effectively the aperture delay of the inherent 
track-and-hold. 



Reference and Input 



The two reference inputs to the CS7820 define 
the zero to fuUscale range of the converter. These 
are fully differential inputs. The negative 
reference input defines the analog input level 
that will generate an output data word of all 
zeroes, while the positive reference input defines 
the analog input level that will generate an 
output data word of all ones. 

The analog input can span the range of the 
reference input range. Thus the sensitivity of the 
converter can be increased by reducing tihe span 
of the reference inputs (and making the size of 
each LSB smaller). Use of the reference structure 
also allows the analog input span to be offset 
from zero, as shown in Figure 12. 

Although the analog input is not differential, the 
reference flexibility facilitates use in most 
measurement applications. The input and 
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Figure 8a. CS7820 Equivalent Input Circuit 
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Input Current 

The sampling input of the CS7820 provides a 
varying load for the input signal depending on 
the stage of the conversion cycle. (Refer again to 
Figure 8a.) When conversion starts (WR is 
brought low) the analog input is connected to the 
MSB and LSB flash converter inputs, effectively 
seeing thirty-one 1 pF capacitors. These 
capacitors need to be charged during the acquisi- 
tion phase (WR held low) through the resistance 
of the internal analog switches, which range 
from about 2 kQ to 5 kQ. Stray capacitance adds 
about 12 pF to the input load. For large source 
resistances, Figure 8b approximates the load RC 
network. As the source impedance increases, the 
capacitors take longer to charge. 



Rs 3500 

Mn -W\A-f-W\A 



12pF^ 32pF"J" 



{>- 



CS7820 

Input resistances up to 1 kQ can be used without 
settling problems with the typical 45 pF input 
capacitance. For larger source resistances, the 
width of the WR pulse needs to be increased. 
This means that the RD mode may be inap- 
propriate for applications with higher source 
resistances, since the acquisition time is intern- 
ally set. Alternatively, an input buffer could be 
used to drive the analog input of the CS7820. 

Input Filtering 

Because the sampling input structure has a mini- 
mum 600 ns charging time while WR is held 
low, transients on the analog input will not 
normally degrade the converter's performance. It 
is therefore not necessary to filter the input to the 
CS7820 in most applications. 



Figure 8b. CS7820 RC Network Model 
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PIN DESCRIPTIONS 

ANALOG INPUT 

DATA BUS BIT (LSB) 

DATA BUS BIT 1 

DATA BUS BIT 2 

DATA BUS BIT 3 

WRITE INPUT/READY OUTPUT 

MODE SELECTION INPUT 

READ INPUT 

INTERUPT OUTPUT 

GROUND 



DO [ 

01 [ 

02 [ 

03 [ 

WR/ROY [ 

MODE [ 

RD [ 

INT[ 

GNO[ 



r^T^ 



I N/C 

3 0FL 
107 
] 06 
] 05 
] 04 
]CS 

^VrefW 



POWER SUPPLY 

NO CONNECTION 

OVERFLOW OUTPUT 

DATA BUS BIT 7 (MSB) 

DATA BUS BIT 6 

DATA BUS BIT 5 

DATA BUS BIT 4 

CHIP SELECT 

NEGATIVE REFERENCE INPUT 

POSITIVE REFERENCE INPUT 



Analog and Reference Inputs 
ViN - Analog Input, Pin 1 

Vref(-) - Negative Reference Input, Pin II 

Lower limit of the reference span. Sets the voltage level for an output code of all zeroes. 

Vref(+) - Positive Reference Input, Pin 12 

Upper limit of the reference span. Sets the voltage level for an output code of all ones. 



Digital Inputs and Outputs 

DO through D7 - Data Bus Outputs, Pins 2 thru 5 and 14 thru 17 

Tri-state output pins. DO (the LSB) is on Pin 2, ascending to D7 (the MSB) on pin 17. 

W5/RDY - Write Input/ Ready Output, Pin 6 

Depending on the mode of operation, acts as either an input pin to initiate conversions (WR-RD 
mode) or as an output status pin to indicate that the conversion is complete and the output data 
is ready (RD mode). 

MODE - Mode Selection Input, Pin 7 

Determines whether the device operates in the WR-RD mode or the RD mode. It has an internal 
pull-down circuit with a 50|xA current source, so the default operating condition is the RD 
mode. 

RD- Read Input, Pin 8 

RD must be low to access data. 



INT - Interrupt Output, Pin 9 

INT going low indicates the conversion is complete. 
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CS - Chip Select Input, Pin 13 

CS must be low for the device to accept RD or WR inputs. 

OFL - Overflow Output, Pin 18 



If the analog input is greater than Vref(+) -1/2 LSB, OFL will be high at the end of the conver- 
sion. This can be used to cascade devices for increased resolution. This output pin is not tri- 
state. 



Power Supply and Ground 
GND - Ground, Pin 10 
Vdd - Power Supply, Pin 20 
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APPLICATIONS INFORMATION 



CS7820 




Output 
Code 



11111111- 

11111110. 
11111101- 



00000011 
00000010 
00000001- 
00000000 



Full Scale 
Transition 



1LSB- 



FS 



256 

M^efH-Vref(-) 
256 



I Input Voltage f 

V»EF (-) (In terms of LSB's) M^ef (+) 



Figure 9. RD Mode, 8-Bit Resolution 



Figure 10. CS7820 Transfer Function 



CS7820 



CS7820 



Analog Input (+) o 
Analog Input (-) o- 




47uF 



Analog Input (-i-) o- 



+5V 




47uF-7-=zb:0.1uF l-AA/V 



"1 A current path must still exist 
— from Analog Input (-) to Ground. 



Figure 11. Using the Supply as Reference 



Figure 12. Input Not Referenced to Ground 
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A/D CONVERTERS - DYNAMICALLY TESTED 



GENERAL INFORMATION 



TELECOM T1/CCITT LINE INTERFACES 



JITTER ATTENUATORS 



DTMF RECEIVERS 



FIBER OPTIC TRANSMITTER/RECEIVERS 



DATA ACQ. A/D CONVERTERS - STATICALLY TESTED 



A/D CONVERTERS - DYNAMICALLY TESTED 



TRACK AND HOLD AMPLIFIERS 



FILTERS 



MISC. 
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A/D CONVERTERS - DYNAMICALLY TESTED 



INTRODUCTION 

The design and production of signal processing systems is made dramatically easier using Crystal's line 
of S-to-Z"^ converters. Specified for DSP applications, these specialized 12- to 16-Bit A/D converters 
perform the sampling function to bridge the continuous-time s-domain and sampled-time z-domain. 
FFT production test techniques guarantee the dynamic frequency response of each device at full rated 
clock speed. With throughput rates from 20 kHz to 1 MHz they are ideal for single or multichannel 
voiceband, audioband and higher frequency applications. 

USER'S GUIDE 



Device: 


CSZ5316/7 


CSZ5116 


CSZ5114 


CSZ5112 


CSZ5412 


Resolution (Bits) 


16 


16 


14 


12 


12 


Conversion Technique 


Delta-Sigma 


Succ. Approx. 


Succ. Approx. 


Succ. Approx. 


2-Step Flash 


Throughput (kHz) 


20 


50 


56 


100 


1000 


THD% 


0.007 


0.001 


0.003 


0.008 


0.02 


S/(N + D) (dB) 


80 


92 


83 


73 


70 


Power Dissipation (mW) 


220 


120 


120 


120 


750 


On-Chip Sample/Hold 


V 


V 


¥ 


V 


y 


On-Chip Ref 


V 










On-Chip Anti- Alias 












Filtering 


V 










Temperature Ranges 


Com, Ind, Mil 


Com, Ind, Mil 


Com, Ind, Mil 


Com, Ind, Mil 


Com, Ind, Mil 


Package 


18-Pin DIP 


40-Pin DIP 


40-Pin DIP 


40-Pin DIP 


40-Pin DIP 



CONTENTS 



CSZ5 1 12 12-Bit, 100 kHz A/D Converter 7-3 

CSZ5114 14-Bit, 55 kHz A/D Converter 7-31 

CSZ5 1 16 16-Bit, 50 kHz A/D Converter 7-61 

CSZ5316 16-Bit, 20 kHz Delta Sigma A/D Converter 7-91 

CSZ5317 16-Bit, 20 kHz Delta Sigma A/D Converter with PLL Clock Gen. 7-109 

CSZ5412 12-Bit, 1 MHz 2-Step Flash A/D Converter 7-111 
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Semiconductor Corporation 



CSZ5112 



12-Bit, 100kHz Sampling A/D Converter 



Features 

• Monolitiiic CMOS A/D Converter 

Inherent Sampling Architecture 
3-State Output Buffers 
Microprocessor Interface 

• Sampling Rates up to 1 0OkHz 

• Low Harmonic Distortion 

Total Harmonic Distortion: 0.008% 
Peak Harmonic or Noise: -87dB 

• Low Power Dissipation: 120mW 

• Pin Compatible with CSZ51 14/CSZ51 16 



General Description 

The CSZ51 12 CMOS analog-to-digital converter is an 
ideal front end for single- or multi-channel digital signal 
processing systems. It needs no extemal sample/hold 
amplifier at its input to convert ac signals - the sampling 
function is inherent to its charge redistribution design. 

Using a standard successive-approximation algorithm, 
the CSZ51 12 sequences through a 12-bit conversion in 
7.2 microseconds. With 2.8 microseconds needed 
between conversions for acquisition, the CSZ51 1 2 can 
support throughput rates up to 100kHz. It is therefore ideal 
for processing audioband signals. 

The CSZ51 12 features an on-chip self-calibration scheme 
which calibrates its bit weights to true 1 2-bit accuracy. This 
insures low distortion and maintains good signal-to-noise 
performance with low-level signals. 

ORDERING INFORMATION: PageSO 



BOLD CS RD AO BP/UP RST BW INTRLV CAL EOT EOC SCLK SDATA 



VREF< 



^fi- 



r^>-iO 



1 21 22 23 24 32 33 34 35 37 38 39 



40 



CLOCK 
i GENERATOR 



> 



T 



CALIBRATION 
MEMORY 



MICROCONTROLLER 



12 BIT CHARGE 
REDISTRIBUnCa^ 
DAC 




STATUS REGISTER "l -^- 
36 10 31 





DGND 



TST 



S-tO'Z''' Converter 
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Crystal Semiconductor Corporation 

P.O. Box 17847, Austin, Texas 78760 
(512)445-7222 TWX:91 0-874-1 352 



CSZ5112 



ANALOG CHARACTERISTICS 

(Ta = 25°C; VA+, VD+ = 5V; VA-, VD- = -5V; VREF = 2.5V to 4.5V; Full-Scale Input Sinewave, 1KHz; 
fclk = 6.8MHz for -7, 4MHzfor-12, 2MHzfor-24; fs= 100kHz for -7. 63kHz for -12, 34kHz for -24; 
Bipolar Mode ; Analog Source Impedance = 200Q unless othen/vise specified) 



Parameter* 


CSZ5112-K 
min typ max 


CSZ5112-B 
min typ max 


CS75112-T 
mIn typ max 


Units 


Specified Temperature Range 


to 70 


-40 to +85 


-55 to +125 


''C 


Dynamic Performance 


Peak Harmonic or Spurious Noise 

1kHz Input 25''C 
(NoteD T^intoT^3, 
12kHz Input 


84 
84 
80 


87 
87 
d3 


84 
84 
80 


87 
87 
83 


84 
84 
80 


87 
87 
83 


dB 
dB 
dB 


Total Harmonic Distortion 


0.008 


0.008 


0.008 


% 


SIgnal-to-Nolse Ratio 

OdB Input T^j,toT^3, 
-60dB Input 


72 


73 
13 


72 


73 
13 


72 


73 
13 


dB 
dB 


dc Accuracy 


Differential Linearity (Note 2) 


12 


12 


12 


Bits 


Full Scale Error T^j^ to T^^^ 


±1/4 


±1/4 


±1/4 


LSB 


Unipolar Offset T^ln^T^ax 


±1/4 


±1/4 


±1/4 


LSB 


Bipolar Offset T^in ^ T^^gx 


±1/4 


±1/4 


±1/4 


LSB 


Bipolar Zero Error T^in toT^^^ 


±1/4 


±1/4 


±1/4 


LSB 


Analog Input 


Aperture Time 


25 


25 


25 


ns 


Aperture Jitter 


100 


100 


100 


ps 


Full Power Bandwidth (Note 3) 


32 


32 


32 


kHz 


Input Capacitance Unipolar Mode 
(Note 4) Bipolar Mode 


275 375 
165 220 


275 375 
165 220 


275 375 
165 220 


pF 
PF 



Notes: 1 . All Tmin to Tmax specifications apply after calibration at the temperature of interest. 

2. Minimum resolution for which no missing codes is guaranteed. 

3. Refer to the Analog /npuf section on page 1 7 for a discussion of input slew capabilities. 

4. Applies only in the track mode. When converting or calibrating, input capacitance will not 
exceed 15pF. 

* Refer to Error Definitions on page 29. 



Specifications are subject to change without notice. 
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ANALOG CHARACTERISTICS (Continued) 



Parameter 


CSZ5112-K 
min typ 


max 


CSZ5112-B 
min typ 


t 
max 


CSZ5112-7 
min typ 


max 


Units 


Conversion & Throughput 


Conversion Time - 7 

-12 

(Notes 5,6) -24 


7.2 
12.25 
24.5 


7.2 
12.25 
24.5 


12.25 
24.5 


us 
us 
us 


Acquisition Time - 7 

-12 

(Note 6) -24 




2.5 
3.0 
4.5 


2.80 
3.75 
5.25 




2.5 
3.0 
4.5 


2.80 
3.75 
5.25 




3.0 
4.5 


3.75 
5.25 


us 
us 
us 


Throughput - 7 

-12 

(Note 6) -24 


100 
62.5 
33.6 


100 
62.5 
33.6 


62.5 
33.6 


kHz 
kHz 
kHz 


Power Supplies 


Power Supply Currents (Note 7) 
JA. 

'a- 




9 
-9 

3 
-3 


19 
-19 

6 
-6 




9 
-9 

3 
-3 


19 
-19 

6 
-6 




9 
-9 

3 
-3 


19 
-19 

6 
-6 


mA 
mA 
mA 
mA 


Power Dissipation (Note 7) 




120 


250 




120 


250 




120 


250 


mW 


Power Supply Rejection (Note 8) 
Positive Supplies 
Negative Supplies 


84 
84 


84 
84 


84 
84 


dB 
dB 



Notes: 



5. Measured from falling transition on HOLD to falling transition on EOC. 

6. Conversion, acquisition, and tliroughput times depend on tlie master clock, sampling, and calibration 
conditions. The numbers shown assume sampling and conversion is synchronized with the 
CSZ51 12's internal conversion clock, interleave calibrate is disabled, and operation is from the 
full-rated external master clock. A detailed discussion of conversion timing appears on page 1 1 . 

7. All outputs unloaded. All Inputs CMOS levels. 

8. With SOOmV p-p, 1kHz ripple applied to each supply separately in the bipolar mode. Rejection 
Improves by 6dB in the unipolar mode to 90dB. A plot of typical power supply rejection appears on 
page 23. 
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SWITCHING CHARACTERISTICS (Ta = Tmin to Tmax; 

VA+, VD+ - 5V ± 1 0%; VA-, VD- = -5V ± 1 0%; Inputs: Logic = OV, Logic 1 = VD+; Cl - 50pF) 



Parameter 


Symbol 


MIn 


Typ 


Max 


Units 


Master Clock Frequency: 

-7 
Internally Generated : -1 2 
-24 

-7 

Externally Supplied: -12 
-24 


fcLK 


2 
2 

1 


- 


6.8 
4 
2 


MHz 


Master Clock Duty Cycle 


- 


30 


- 


70 


% 


Rise Times: Any Digital Input 
Any Digital Output 


trise 


; 


20 


1.0 


us 
ns 


Fall Times: Any Digital Input 
Any Digital Output 


t 
^fall 


- 


20 


1.0 


us 
ns 




thpw 


1/fCLK+50 


- 


tc 


ns 


HOLD Pulse Width 


Conversion Time 


tc 


(Note 9) 


- 


(Note 9) 


us 


Data Delay Time 


tdd 


- 


40 


100 


ns 


EOC Pulse Width (Note 10) 


^epw 


4/fcLK-20 


- 


- 


ns 


Set Up Times: CAL. INTRLV to CS Low 
AOtoCSandRDLow 


tcs 
tas 


20 
20 


10 
10 


: 


ns 


Hold Times: 

CS or RD High to AO invalid 
CS High to CAL, INTRLV Invalid 


tah 
tch 


50 
50 


30 
30 


- 


ns 


Access Times: CS Low to Data Valid 
-K,B 
-T 
RD Low to Data Valid 
-K.B 
-T 


tea 
tra 


- 


90 
115 

90 
115 


120 
150 

120 
150 


ns 
ns 


Output Float Delay: -k, B 
CS or RD High to Output Hi-Z -t' 


tfd 


: 


50 
50 


110 
140 


ns 


Serial Clock Pulse Width Low 
Pulse Width High 


tpwl 
tpwh 


- 


2/fCLK 
2/fCLK 


- 


ns 


Set Up Times: SDATA to SCLK Rising 


tss 


2/fCLK-IOO 


2/fCLK 


- 


ns 


Hold Times: SCLK Rising to SDATA 


tsh 


2/fcLK-100 


2/fCLK 


- 


ns 



Notes: 9. See T able 1 and master clock frequencies above. 

10. EOC remains low 4 master clock cycles if 08 and RD are lield low. Otiierwise, it returns liigli witliin 
four master clock cycles from tlie start of a data read operation or a conversion cycle. 
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•«|trise 
LI no/. 



tfalik« 
90^ 



{trise 
90% 
10% 10%i 

Rise and Fall Times 



SCLK 
SDATA 



CS" 



RD 



AO 



A 



Vwl " 



•— t 



D0-D15 



CAL. INTRLV 



HOLD 



pwh 



icz 



-hh- 



Serial Output Timing 



A 






Hi-Z 



♦— tcs— * 



:>i 



/' 



tah- 



tfd 



•-^tch 



TV. 



^( 



Read and Calibration Control Timing 



• — *hpw— • 



^ //////// 

Output Data 



t epw- 



— tdd— H 



LAST CONVERSION DATA VALID 






X 



HI-Z 



2ZZZZ 



L 



NEW DATA VALID 



Conversion Timing 
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DIGITAL CHARACTERISTICS (TA = Tmin to Tmax; VA+. VD+ = 5V±10%; VA-,VD- = -5V±10%) 
All measurements below are performed under static conditions. 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


High-level Input Voltage 


V|H 


2.0 


- 


- 


V 


Low-Level Input Voltage 


V|L 


- 


- 


0.8 


V 


High-Level Output Voltage (Note 1 1 ) 


VOH 


VD+-1.0V 


- 


- 


V 


Low-Level Output Voltage lout=1 .6mA 


Vol 


- 


- 


0.4 


V 


Input Leakage Current 


'in 


- 


- 


10 


uA 


3-State Leakage Current 


'oz 


^ 


- 


±10 


uA 


Digital Output Pin Capacitance 


Cout 


- 


9 


- 


PF 



Note: 1 1 . lout = -1 OOpA. This specification guarantees TTL compatibility (VOH=2.4V @ lout = -40mA). 



RECOMMENDED OPERATING CONDmONS (AGND,DGND = 0V,seeNote12.) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Power Supplies: Positive Digital 
Negative Digital 
Positive Analog 
Negative Analog 


VD+ 
VD- 
VA+ 
VA- 


4.5 
-4.5 

4.5 
-4.5 


5.0 
-5.0 

5.0 
-5.0 


VA+ 
-5.5 

5.5 
-5.5 


V 
V 
V 
V 


Analog Reference Voltage 


VREF 


2.0 


2.5 


VA+-0.5 


V 


Analog Input Voltage: Unipolar 
(Note 13) Bipolar 


Vain 
Vain 


AGND 
-(VREF) 


_ 


VREF 
VREF 


V 
V 



Notes: 12. All voltages with respect to ground. 

1 3. The CSZ51 1 2 can accept Input voltages up to the analog supplies (VA+ and VA-). It will output all 1 's 
for inputs above VREF and all O's for inputs below AGND in unipolar mode and -VREF in bipolar 
mode. 



ABSOLUTE MAXIMUM RATINGS (AGND. DGND = OV, all voltages with respect to ground.) 



Parameter 


Symbol 


Min 


Max 


Units 


DC Power Supplies: Positive Digital 
Negative Digital 
Positive Analog 
Negative Analog 


VD+ 
VD- 
VA+ 
VA- 


-0.3 
0.3 

-0.3 
0.3 


VA+ + 0.3 
-6.0 
6.0 
-6.0 


V 
V 
V 
V 


Input Current, Any Pin Except Supplies (Note 14) 


iin 


- 


±10 


mA 


Analog Input Voltage (AIN and VREF pins) 


V,NA 


VA- - 0.3 


VA+ + 0.3 


V 


Digital Input Voltage 


V,ND 


-0.3 


VA+ + 0.3 


V 


Ambient Operating Temperature 


Ta 


-55 


125 


•c 


Storage Temperature 


Tst, 


-65 


150 


»C 



Note: 14. Transient currents of up to 1 00mA will not cause SCR latch-up. 

WARNING: Operation at or beyond these limits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 
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THEORY OF OPERATION 

The CS2^112 utilizes the most popular method 
of executing high-speed, high-resolution A/D 
conversion: successive approximation. As with 
all other iterative comparison methods, the 
analog input is successively compared to the 
output of a D/A converter controlled by the 
conversion algorithm. Successive approximation 
begins by comparing the input to the DAC 
output set to half-scale (MSB on, all other bits 
off). If the input is found to be below half-scale, 
the MSB is reset to zero and the input is 
compared to one-quarter scale (next-MSB on, all 
others off). If the input were above half-scale, 
the MSB would remain high and the next 
comparison would be at three-quarters of 
fullscale. This procedure continues until all bits 
have been exercised. 

The CSZ5112 implements the successive 
approximation algorithm using a unique 
charge-redistribution architecture. Instead of the 
traditional resistor network, the DAC is an array 
of binary-weighted capacitors. All legs of the 
array share a common node at the comparator's 
input, with their other terminals capable of being 
connected to AIN, AGND, or VREF (Figure 1). 
When the device is not calibrating or converting, 
all bits are tied to AIN forming Ctot. Switch SI is 
closed and the charge on the array, Qin, tracks 
the input signal Vin (Figure 2a). 




-Qin - Vin Ctot 
Figure 2a. Tracking Mode 



When the conversion conmiand is issued, switch 
SI opens as shown in Figure 2b. This traps 
charge Qin on the comparator side of the 
capacitor array and creates a floating node at the 
comparator's input. The conversion algorithm 
operates on this fixed charge, and the signal at 
the analog input pin is ignored. In effect, the 
entire DAC capacitor array serves as analog 
memory during conversion much like a hold 
capacitor in a sample/hold amplifier. 



DCtOt 

Hh 



-^Vl 





(l-D)Ctot 



fi 



Vin 



for Vft, - OV 



VREF 

Figure 2b. Convert Mode 



AINo- 



VREF«>- 
AGND^ 



Y Y Y Y 

T T T 



l|l l|l l|l l|l — * j|l^. 

C/2048 I C/20 48| 



BitU Bit 10 Bit 9 Bit 8 

MSB 



T T I 



^tot -C + C/2 + 04 + ... + 02048 



Bit Dummy 
LSB 




Figure 1. Charge Redistribution DAC 
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The conversion consists of manipulating the free 
plates of the capacitor array to VREF and AGND 
to form a capacitive divider. Since the charge at 
the floating node remains fixed, the voltage at 
that point depends on the proportion of 
capacitance tied to VREF versus AGND. The 
successive-approximation algorithm is used to 
find the proportion of capacitance, termed D in 
Figure 2b, which will drive the voltage at the 
floating node to zero. That binary fraction of 
capacitance represents the converter's digital 
output. 

The CSZ5112's charge redistribution architec- 
ture easily supports bipolar input ranges. If half 
the capacitor array (the MSB capacitor) is tied to 
VREF rather than AIN in the track mode, the 
input range doubles and offsets half-scale. The 
magnitude of the reference voltage thus defines 
both positive and negative full-scale (-VREF to 
+VREF), and the digital code is an offset binary 
representation of the input. 

Calibration 

The ability of the CS2:5112 to convert accurately 
to 12-bits clearly depends on the accuracy of its 
comparator and DAC. The CSZ5112 utilizes an 
"auto-zeroing" scheme to null errors introduced 
by the comparator. All offsets are stored on the 
capacitor array while in the track mode and are 
effectively subtracted from the input signal when 
a conversion is initiated. Auto-zeroing enhances 
power supply rejection at frequencies below the 
conversion rate. 



To achieve 12-bit accuracy from the DAC, the 
CSZ5112 uses a novel self-calibration scheme. 
Each bit capacitor shown in Figure 1 actually 
consists of several capacitors which can be 
manipulated to adjust the overall bit weight. 
During calibration, an on-chip microcontroller 
manipulates the sub-arrays to precisely ratio the 
bits. Each bit is adjusted to just balance the sum 
of all less significant bits plus one dummy LSB 
(for example, 16C = 8C + 4C + 2C + C + C). 
Calibration resolution for each bit is a small 
fraction of an LSB, resulting in a nearly ideal 
transfer function. 



DIGITAL CIRCUIT CONNECTIONS 

The CSZ5112 can be applied in a wide variety of 
master clock, sampling, and calibration 
conditions which directly affect the device's 
conversion time and throughput. The device also 
features on-chip 3-state output buffers and a 
complete interface for connecting to 8- and 
16-bit digital systems. Output data is also 
available in serial format 

Master Clock 

The CSZ5112 operates from a master clock 
which can be externally supplied or internally 
generated. The internal oscillator is activated by 
holding the CLKIN input low. Altematively, the 
CSZ5112 can be synchronized to the external 
system by driving the CLKIN pin with a TTL or 
CMOS clock signal. 



Sampling 
Qock 



Master Clock JUUUUlfllin. 
(Optional) 



HOLD 

CSZ5112 
CLKIN 



Master Clock JinflMUUl 
(Optional) 



HOLD 
CSZ5112 

lot 

CLKIN 



Figure 3a. Asynchronous Sampling 



Figure 3b. Synchronous Sampling 
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All calibration, conversion, and throughput times 
directly scale to master clock frequency. Thus, 
throughput can be precisely controlled and/or 
maximized using an external master clock. In 
contrast, the CSZ5112's internal oscillator will 
vary from unit-to-unit and over temperature. Its 
tolerance gives rise to minimum and maximum 
conversion times and throughput rates. The -7 
version of the CSZ5112 is specified for accurate 
operation with an external clock up to 6.8MHz; 
its internal clock frequency is specified at a 
minimum of 2MHz. The -12 version is specified 
for accurate operation with an external clock up 
to 4MHz; its internal clock frequency is 
specified at a minimum of 2MHz. The -24 
version can handle external clocks up to 2MHz, 
and its internal clock can range as low as IMHz 
(see Switching Characteristics y page 6). 

Sampling/Initiating Conversions 



A falling transition on the HOLD pin places the 
input in the hold mode and initiates a conversion 
cycle. The BOLD input is latched internally by 
the master clock, so it can return high anytime 
after one master clock cycle plus 50ns. Upon 
completion of the conversion cycle, the 
CSZ5112 automatically returns to the track 
mode. In contrast to systems with separate 
track-and-holds and A/D converters, a sampling 
clock can simply be connected to the HOLD 
input (Figure 3a). The duty cycle of this clock is 
not critical. It need only remain low at least one 
master clock cycle plus 50ns, but no longer than 
the minimum conversion time or an additional 
conversion cycle will be initiated with 
inadequate time for acquisition. 



Conversion Time/Throughput 

Upon completing a conversion cycle and 
returning to the track mode, the CSZ5112 
requires time to acquire the analog input signal 
before another conversion can be initiated. The 
acquisition time is specified as six master clock 
cycles plus 2.25^s (1.32^s for the -7 version). 
This adds to the conversion time to define the 
converter's maximum throughput. The 
conversion time of the CSZ5112, in turn, 
depends on the sampling, calibration, and master 
clock conditions. 



HOLD 
Iiqwt 



jTzzzzr 



- 1 / Tbiougl^iut 



JZZ 



^ ////// / 



Oa^ut 



\S?^ . ///////// 



EOT 
Ou^t 



♦ i f jf 

Syncbronizatioii Uncertainty (4 cydes) 

Figure 4a. Asynchronous Sampling (External Clock) 



Asynchronous Sampling 

The CSZ5112 internally operates from a clock 
which is delayed and divided down from the 
master clock (fcLK/4). If sampling is not 
synchronized to this internal clock, the 
conversion cycle may not begin until up to four 
clock cycles after HOLD goes low even though 
the charge is trapped immediately. In this 
asynchronous mode (Figure 3a), the four clock 
cycles add to the minimum 49 clock cycles to 
define the maximum conversion time (see Figure 
4a and Table 1). 




Sampling Mode 
Synchronous (Loopback) 
Asynchronous 



Conversion Time 

min max 

497 49T 

49T 53T + 235ns 

(T s one master clock cycle) 
Table 1. Conversion and Throughput Times 



Throughput Time 

min max 

64T 64T 

N/A 59T + 2.25ms 

(+1.32^5 for -7 version) 
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Synchronous Sampling 

To achieve maximum throughput, sampling can 
be synchronized with the internal conversion 
clock by connecting the End-of-Track (EOT) 
output back to HOLD (Figure 3b). The EOT 
output falls 15 master clock cycles after EOC 
indicating the analog input has been acquired to 
the CSZ5112's specified accuracy. The EOT 
output is synchronized to the internal conversion 
clock, so the four clock cycle synchronization 
uncertainty is removed yielding throughput at 
l/64th of the master clock frequency (see Figure 
4b and Table 1). 



HOLD • 
Input 



Ecx: 

Output . 



1 / Throughput 
(64 cycles) 



y 



Conversion 
(49 cycles) 



^ 



EOT \ r 

Output \_/ 



Acquisition (IS cycles) 



y 



L/" 



Figure 4b. Synchronous (Loopback) Mode 



Also, the CSZ5112's internal RC oscillator 
exhibits significant jitter (typically ± 0.05% of its 
period), which is high compared to crystal 
oscillators. If the CSZ5112 is configured for 
synchronous sampling while operating from its 
internal clock, this jitter will affect sampling 
purity. 



The EOT output is an accurate indicator of the 
CSZ5112's acquisition requirement when 
operating at the -7 version's full rated speed 
(with a 6.8MHz master clock). However, EOT 
will allow the CSZ5112 more acquisition time 
than necessary when operating with a clock less 
than the maximum specified. The EOT output 
always falls 15 master clock cycles after EOC, 
when in reality, the CSZ5112 only needs six 
cycles plus 2.25|xs (1.32}is for the -7 version). 
When operating the -24 with a master clock of 
2MHz or less, higher throughput can be achieved 
than in the loopback configuration by using an 



external counter. The counter should be reset by 
the falling edge of EOC and count the clock 
cycles after each conversion. When the total time 
is greater than six clock cycles plus 2.25|xs, the 
counter can trigger a new conversion at HOLD. 
For example, when using a 2MHz clock, 2.25^s 
takes between four and five clock cycles. When 
six cycles are added to this it is seen that the 
counter should trigger a new conversion at the 
eleventh clock cycle. 

Reset 

Upon power up, the CSZ5112 must be reset to 
guarantee a consistent starting condition and 
to initially calibrate the device. Due to the 
CSZ5112's low power dissipation and low 
temperature drift, no warm-up time is required 
before reset to accomodate any self-heating 
effects. However, the voltage reference must 
stabilize to within ± 5% of its final value before 
reset. Later, the CSZ5112 may be reset at any 
time to initiate calibration. Reset overrides all 
other functions. If reset, the CSZ5112 will clear 
and initiate a new calibration cycle mid- 
conversion or mid-calibration. 




Figure 5. Power-On Reset Circuitry 



Resets can be initiated in hardware or software. 
The simplest method of resetting the CSZ5112 
involves strobing the RST pin high. When RST 
is brought high all internal logic clears. When it 
returns low a full calibration begins which takes 
1,443,840 master clock cycles to complete 
(approximately 360ms with a 4MHz master 
clock). A simple power-on reset circuit can be 
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built using a resistor and capacitor, and a 
Schmidt-trigger inverter to prevent oscillation 
(see Figure 5). The CSZ5112 can also be reset in 
software when under microprocessor control. 
The CSZ5112 will reset whenever CS, AO, and 
HOLD are low simultaneously. The EOC output 
remains high throughout the reset operation and 
will fall upon its completion. It can thus be used 
to generate an interrupt indicating the CSZ5112 
is ready for operation. Six clock cycles plus 
2.25m,s (1.32^s for the -7 version) must be 
allowed after EOC falls for acquisition. Under 
microprocessor-independent operation with 
3-states permanently enabled (CS, RD low; AO 
high) the EOC output will not fall at the 
completion of the reset operation. 

Initiating Calibration 

All modes of calibration can be controlled in 
hardware or software. Accuracy can thereby be 
insured at any time or temperature throughout 
operating life. After initial calibration at 
power-up, the CSZ5112's charge-redistribution 
design yields better temperature drift and more 
graceful aging than resistor-based technologies, 
so calibration is actually required less often than 
with traditional devices. 



calibration experiment and has acquired the 
analog input. The EOC output indicates the 
completion of the final calibration experiment. 
(See note on page 30.) 

The CSZ5112 features a background calibration 
mode called "interleave." Interleave appends a 
single calibration experiment to each conversion 
cycle and thus requires no dead time for 
calibration. The CS2^112 gathers data between 
conversions and will adjust its transfer function 
once it completes the entire sequence of^ 
experiments (one calibration cycle per 72,192 
conversions). Initiated by bringing both the 
INTRLV input and C5 low (or hard-wiring 
INTEILV low), interleave extends the CSZ5112's 
effective conversion time by 20 master clock 
cycles. Other than reduced throughput, interleave 
is totally transparent to the user. 

Burst calibrations initiated at CAL pick up where 
interleave left off, so calibration cycles can be 
hastened by "bursting" a number of experiments 
whenever the CSZ5112 sees free time. Interleave 
is subordinate to burst calibrations, so INTJKLV 
could still be held low. 

Microprocessor Interface 




The first mode of calibration, reset, results in a 
single full calibration cycle. The second type of 
calibration, termed "burst" cal, is useful when the 
ADC sees some downtime but not enough to 
perform a full reset calibration. Burst cal can be 
terminated mid-calibration; it picks up where it 
left off previously, so calibrations can be done in 
piecemeal fashion. Burst is initiated by bringing 
the CAL input high with CS low. The CAL input 
is level-triggered and latches on the rising edge 
of CS, so a write cycle can be used to control 
calibration in software. Burst will continue to 
loop through calibration cycles until terminated. 
Once CAL returns low, at least 26 master clock 
cycles plus 2.25|lis (1.32|xs for the -7 version) 
must be allowed before a conversion is initiated 
to ensure the CSZ5112 has completed its 
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Figure 6, Address/Control Bus Connections 

The CSZ5112 features an intelligent micro- 
processor interface which offers detailed status 
information and allows software control of the 
self-calibration functions. Output data is avail- 
able in either 8- or 16-bit formats for easy 
interfacing to industry-standard microprocessors. 
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DEFINITION 

Falls upon completion of a conversion, 

and returns high on the first subsequent read. 

Reserved for factory use. 

When data is to be read in an 8-bit format (BW-O), 
indicates which byte will appear at the output next. 

When low, indicates the input has been acquired to 
the devices specified accuracy. 

Reserved for factory use. 

High when the device is tracking the intput. 

High when the device is converting the held input. 

High when the device is calibrating. 



Table 2. Status Bit Definitions 



Strobing both CS and RD low enables the 
CSZ5112's 3-state output buffers with either 
output data or status information depending on 
the status of AO. An address bit can be connected 
to AO as shown in Figure 6 thereby memory 
mapping the status register and output data. 
Conversion status can be polled in software by 
reading the status register (CS and RD strobed 
low with AO low), and masking status bits S0-S5 
and S7 (by logically AND'ing the status word 
with 01000000) to determine the value of S6. 
Similarly, the software routine can determine 
calibration status using other status bits (see 
Table 2). Care must be taken not to read the 
status register (AO low) while HOLD is low, or a 
software reset will result (see Reset, page 12). 



Alternatively, the End-of-Convert (EOC) output 
can be used to generate an interrupt or drive a 
DMA controller to dump the output directly into 
memory after each conversion. The EOC pin 
falls as each conversion cycle is completed and 



data is valid at the output It returns high within 
four master clock cycles of the first subsequent 
data read operation or after the start of a new 
conversion cycle. To interface with 16-bit data 
busses, the BW input to the CSZ5112 should be 
held high and all 12 data bits read in parallel on 
pins D15-D4. With 8-bit buses, the converter's 
12-bit result must be read in two portions. In this 
instance, BW should be held low and the 8 
MSB's obtained on the first read cycle following 
a conversion. The second read cycle will yield 
the 4 LSB's with four trailing zeroes. Both bytes 
appear on pins D0-D7. The upper/lower bytes of 
the same data will continue to toggle on 
subsequent reads until the next conversion 
finishes. Status bit S2 indicates which byte will 
appear on the next data read operation. 

The CSZ5112 internally buffers its output data, 
so data can be read while the device is tracking 
or converting the next sample. Retrieving the 
converter's digital output therefore requires no 
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Figure 7. Data Format 
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reduction in ADC throughput. Enabling the 
3-state outputs while the CSZ5112 is converting 
will not introduce conversion errors. However, 
using TTL loads will increase the potential for 
crosstalk between the analog and digital portions 
of the chip. This crosstalk is due to the high 
digital supply and signal currents arising from 
the TTL drive current required of each digital 
output. Connecting CMOS logic to the 
CSZ5112's digital outputs is recommended. 
Suitable logic families include 4000B, 74HC, 
74AC, 74ACT, and 74HCT. 

The two calibration control inputs, CAL and 
INTRLV, are level-triggered and latched on the 
rising edge of C5. Calibration can be placed 
under software control by connecting address 
lines to the CAL and INTRLV inputs as shown 
in Figure 6. Any read or write cycle to the 
CSZ5112's base address will thereby initiate or 
terminate calibration. 

Microprocessor Independent Operation 

The CSZ5112 can be operated in a stand-alone 
mode independent of intelligent control. In this 
mode, CS and RD are hard-wired low 
permanently enabling the 3-state output buffers. 
A free-running condition is established when 
BW is tied high, CAL is tied low, an d HOL D is 
continually strobed low or tied to EOT. The 
CSZ5112's EOC output can be used to externally 
latch the output data if desired. With C5 and RD 
hard-wired low, EOC will strobe low for four 



+5V' 



Samplin g UlT 
Qock 



INTRLV 

BW 

AO 

HOLD 

cs csTsini 

RD 

CAL D4 




Figure 8. Microprocessor-Independent Connections 



master clock cycles after each conversion. Data 
will be unstable up to lOOtis after EOC falls, so it 
should be latched on the rising edge of EOC. 

Serial Output 

All successive-approximation A/D converters 
derive their digital output serially starting with 
the MSB. The CSZ5112 presents each bit to the 
SDATA pin four master clock cycles after it is 
derived and can be latched using the serial clock 
output, SCLK. Just subsequent to each bit 
decision SCLK will fall and return high once the 
bit information on SDATA has stabilized. Thus, 
the rising edge of the SCLK output should be 
used to clock the data from the CSZ5112 (See 
Figure 9). 



ANALOG CIRCUIT CONNECTIONS 

Most popular successive-approximation A/D 
converters generate dynamic loads at their 
analog connections. The CSZ5112 internally 
buffers all analog inputs (AIN, VREF, and 
AGND) to ease the demands placed on external 
circuitry. However, accurate system operation 
still requires careful attention to details at the 
design stage regarding source impedances as 
well as grounding and decoupling schemes. 

Reference Considerations 

An application note titied "Voltage References 
for the CS501XICSZ511X Series of AID 
Converters" is available for the CSZ5112. In 
addition to working through a reference circuit 
design example, it offers seven built-and-tested 
reference circuits. 

During conversion, the members of the 
calibrated capacitor array are switched between 
VREF and AGND in a manner determined by 
the successive-approximation algorithm. The 
charging and discharging of the array results in a 
current load at the reference. The CSZ5112 




DS26F2 



7-15 



CSZ5112 



MASTER 
CLOCK 



EOC 
EOT 



14 6 10 46 48 52 54 63 64/0 



"B I \ I 



T 



til yiiT 



}±r 



1 1 — 



lllllll 


. 




"1 r- 


X Bi.I 


)(Bit0LSB 


1 




M 


• 


> d 



notes: 1. td can vary from 135ns - 235ns over military temeratiire range and o ver ± 10% supply variation. 

2. For asynchronous mode, transitions of SQ.K, SDATA, EOC, EOT can shift by up to 4 clocks; e.g. the 
first high to low tra nsition of SCLK may be on clock #6 to #9. The timing relationship between SCLK, 
SDATA, EOC, and EOT is fixed. 

Figure 9. Serial Output Timing 



includes an internal buffer amplifier to minimize 
the external reference circuit's drive requirement 
and preserve the reference's integrity. Whenever 
the array is switched during conversion, the 
buffer is used to pre-charge the array thereby 
providing the bulk of the necessary charge. The 
appropriate array capacitors are then switched to 
the unbuffered VREF pin to avoid any errors due 
to offsets and/or noise in the buffer. 

The external reference circuitry need only 
provide the residual charge required to fully 
charge the array after pre-charging from the 
buffer. This creates an ac current load as the 
CSZ5112 sequences through conversions. The 
reference circuitry must have a low enough 
output impedance to drive the requisite current 
without changing its output voltage significantly. 

As the analog input signal varies, the switching 
sequence of the internal capacitor array changes. 
The current load on the external reference 
circuitry thus varies in response with the analog 
input. Therefore, the external reference must not 
exhibit significant peaking in its output 
impedance characteristic at signal frequencies or 
their harmonics. 



A large capacitor connected between VREF and 
AGND can provide sufficiently low output 
impedance at the high end of the frequency 
spectrum, while almost all precision references 
exhibit extremely low output impedance at dc. 
The presence of large capacitors on the output of 
some voltage references, however, may cause 
peaking in the output impedance at intermediate 
frequencies. Care should be exercised to ensure 
that significant peaking does not exist or that 
some form of compensation is provided to 
eliminate the effect. 
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R =2Tr (C^+C2)fpeak 
Figure 10. Reference Connections 
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The magnitude of the current load on the 
external reference circuitry will scale to the 
master clock frequency. At full speed (4MHz 
clock), the reference must supply a maximum 
load current of lOjxA peak-to-peak (1)liA typical). 
An output impedance of 15Q will therefore yield 
a maximum error of 150)jV. With a 2.5V 
reference and LSB size of 0.6mV, this would 
insure better than 1/4 LSB accuracy. A IjoF 
capacitor exhibits an impedance of less than 15^ 
at frequencies greater than lOkHz. A high-quality 
tantalum capacitor in parallel with a smaller 
ceramic capacitor is recommended. 

Peaking in the reference's output impedance can 
occur due to capacitive loading at its output. Any 
peaking can be reduced by placing a small 
resistor in series with the capacitors (Figure 10). 
The equation in Figure 10 can be used to help 
calculate the optimum value of R for a particular 
reference. The term "fpeak" is the frequency of 
the peak in the output impedance of the reference 
before the resistor is added. 

The CSZ5112 can operate with a wide range of 
reference voltages, but signal-to-noise 
performance is maximized by using as wide a 
signal range a? possible. The recommended 
reference voltage is between 2.5 and 4.5 volts. 
The CSZ5112 can actually accept reference 
voltages up to the positive analog supply. 
However, the buffer's offset may increase as the 
reference voltage approaches VA+ thereby 
increasing external drive requirements at VREF. 
Thus, a 4.5V reference is the maximum voltage 
recommended. Also, the buffer enlists the aid of 
an external 0.1 |iF ceramic capacitor which must 
be tied between its output, REFBUF, and the 
negative analog supply, VA-. For more 
information on references, consult "Application 
Note: Voltage References for the CS501XI 
CSZ511X Series of AID Converters''. 



Analog Input Connection 

The analog input terminal functions similarly to 
the VREF input after each conversion when 
switching into the track mode. During the first 
six master clock cycles in the track mode, the 
buffered version of the analog input is used for 
pre-charging the capacitor array. An additional 
period is required for fine-charging directly from 
AIN to obtain the specified accuracy. Figure 11 
exemplifies this operation. During pre-charge the 
charge on the capacitor array first settles to the 
buffered version of the analog input. This 
voltage is offset from the actual input voltage. 
During fine-charge, the charge then settles to the 
accurate unbuffered version. 





Acquisition Time (la) 
(E>eIayframEOC) 



Figure 11. Internal Acquisition Time 



The acquisition time of the CSZ5112 depends on 
the master clock frequency due to the fixed 
pre-charge period. For instance, operating the 
-12 version with an external 4MHz master clock 
results in a 3.75iis acquisition time: 1.5fxs for 
pre-charging (6 clock cycles) and 2.25|is for 
fine-charging. Fine-charge settling is specified as 
a maximum of 2.25|xs for an analog source 
impedance of less than 200Q. (On the -7 version 
it is specified as 1.32jlis.) 

In addition, the comparator requires a source 
impedance of less than 400Q around 2MHz for 
stability, which is met by practically all bipolar 
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op amps. Large dc source impedances can be 
accommodated by adding capacitance from AIN 
to ground (typically 200pF) to decrease source 
impedance at high frequencies. However, high 
dc source resistances will increase the input's RC 
time constant and extend the necessary 
acquisition time. 

The CSZ5112 can track full power signals up to 
32kHz in the track mode. During the first six 
clock cycles following a conversion 
(pre-charge), the CSZ5U2 is capable of slewing 
at 5 V/[is in unipolar mode. In bipolar mode, only 
half the capacitor array is connected to the 
analog input so the CSZ5|12 can slew at lOV/jis. 
After the first six master clock cycles, it will 
slew at 0.25V/|xs in the unipolar mode and 
0.5V/|xs in bipolar mode. Acquisition of fast 
slewing signals (step functions) can be hastened 
if the step occurs during or immediately 
following the conversion cycle. For instance, 
channel selection in multiplexed applications 
should occur while the CSZ5112 is converting 
(see Figure 12). Multiplexer settling is thereby 
removed from the overall throughput equation, 
and the CSZ5 112 can convert at full speed. 

Analog Input Range/Coding Format 

The reference voltage directly defines the input 
voltage range in both the unipolar and bipolar 
configurations. In the unipolar configuration 



(BP/UP low), the first code transition occurs 
0.5 LSB above AGND, and the final code 
transition occurs 1.5 LSB's below VREF. Coding 
is in straight binary format. In the bipolar 
configuration (BP/I^ high), the first code 
transition occurs 0.5 LSB above -VREF and the 
last transition occurs 1.5 LSB's below +VREF. 
Coding is in an offset-binary format Positive 
full scale gives a digital output of 
1111111111111111, and negative full scale gives 
a digital output of 0000000000000000. 

Grounding and Power Supply Decoupling 

The CSZ5112 uses the analog ground 
connection, AGND, only as a reference voltage. 
No dc power currents flow through the AGND 
connection, and it is completely independent of 
DGND. However, any noise riding on the 
AGND input relative to the system's analog 
ground will induce conversion errors. Therefore, 
both the analog input and reference voltage 
should be referred to the AGND pin, which 
should be used as the entire system's analog 
ground. 

The digital and analog supplies are isolated 
within the CSZ5112 and are pinned out 
separately to minimize coupling between the 
analog and digital sections of the chip. All four 
supplies should be decoupled to their respective 
grounds using O.l^iF ceramic capacitors. If sig- 
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nificant low-frequency noise is present on the 
supplies, l\iF tantalum capacitors are recom- 
mended in parallel with the 0. l|xF capacitors. 

The positive digital power supply of the CSZ5112 
must never exceed the positive analog supply by 
more than a diode drop or the CSZ5I12 could 
experience permanent damage. If the two 
supplies are derived from separate sources, care 
must be taken that the analog supply comes up 
first at power-up. The system connection 
diagram on page 24 shows a decoupling scheme 
which allows the CSZ5112 to be powered from a 
single set of ± 5V rails. The positive digital 
supply is derived from the analog supply through 
a lOil resistor (rather than vice versa) to avoid 
the analog supply dropping below the digital 
supply. If this scheme is utilized, care must be 
taken to insure that any digital load currents 
(which flow through the 10ft resistors) do not 
cause the digital supplies to drop below their 
minimum specification of ± 4.5V. 

As with any high-precision A/D converter, the 
CSZ5112 requires careful attention to grounding 
and layout arrangements. However, no unique 
layout issues must be addressed to properly 
apply the CSZ5112. The CDB5112 evaluation 
board is available for the CSZ5112, which 
avoids the need to design, build, and debug a 
high-precision PC board to initially characterize 
the part. The board comes with a socketed 
CSZ5112, and can be quickly reconfigured 
to simulate any combination of sampling, 
calibration, master clock, and analog input range 
conditions. 



CSZ5112 PERFORMANCE 

The CSZ5112 offers 100% tested dynamic per- 
formance. Due to the broad range of operating 
conditions and performance requirements in sig- 
nal processing applications, the following 



section is included to illustrate the CSZ5112's 
error sources and their effect on a signal's 
spectral content 

FFT Tests and Windowing 

In the factory, the CSZ5112 is tested using Fast 
Fourier Transform (FFT) techniques to analyze 
the converter's dynamic performance. A pure 
sinewave is applied to the CSZ5112, and a "time 
record" of 1024 samples is captured and 
processed. The FFT algorithm analyzes the 
spectral content of the digital waveform and 
distributes its energy among 512 "frequency 
bins". Assuming an ideal sinewave, distribution 
of energy in bins outside of the fundamental and 
dc can only be due to quantization effects and 
errors in tiieCSZ5 112. 

If sampling is not synchronized to the input 
sinewave, it is highly unlikely that the time 
record will contain an integer number of periods 
of the input signal. However, the FFT assumes 
that the signal is periodic, and will calculate the 
spectrum of a signal that appears to have large 
discontinuities, thereby yielding a severely 
distorted spectrum. To avoid this problem, the 
time record is multiplied by a window function 
prior to performing the FFT. The window 
function smoothly forces the endpoints of the 
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time record to zero, thereby removing the 
discontinuities. The effect of the window in the 
frequency-domain is to convolute the spectrum 
of tfie window with that of the actual input 

The quality of the window used for harmonic 
analysis is typically judged by its highest 
side-lobe level. The Blackman-Harris window 
used for testing the CSZ5112 has a maximum 
side-lobe level of -92dB. Figure 13 shows an 
FFT computed from an ideal 12-bit sinewave 
multiplied by a Blackman-Harris window. 
Artifacts of windowing are discarded from the 
signal-to-noise calculation using the assumption 
that all noise sources are white. All FFT plots in 
this data sheet were derived by averaging the 
FFT results from ten time records. This filters the 
spectral variability that can arise from capturing 
finite time records without disturbing the total 
energy outside the fundamental. All harmonics 
which exist above the noise floor are therefore 
more clearly visible in the plots. For more 
information on FFT's and windowing refer to: 



curve generate harmonic distortion. However, 
the most prevalent source of nonlinearity in 
high-resolution converters is bit-weight errors; 
that is, the deviation of bits from their ideal 
binary-weighted ratios. At dc, bit-weight errors 
most visibly affect the converter's Differential 
Nonlinearity, or the deviation of codes from their 
ideal widths. Due to the limitations of factory 
trim techniques, the worst-case condition of 
bit-weight errors has traditionally also defined 
the point of maximum INL. 

Bit-weight errors have a drastic effect on a 
converter's ac performance. They can be 
analyzed as step functions superimposed on the 
input signal. Since bits (and their errors) switch 
in and out throughout the transfer curve, their 
effect is signal dependent. That is, harmonic and 
intermodulati-on distortion, as well as noise, can 
vary with different input conditions. Designing a 
system around characterization data is risky 
since transfer curves can differ drastically 
unit-to-unit and lot-to-lot. 



F.J.HARRIS, "On the use of windows for 
harmonic analysis with the Discrete Fourier 
Transform", ProcIEEE, Vol.66, No.l, Jan 1978, 
pp.5 1-83. 

Nonlinearity 

Analog-to-digital converters have traditionally 
been specified using dc specifications such as 
Integral and Differential Nonlinearity at worst- 
case points on the transfer curve. These 
specifications are not particularly useful in signal 
processing applications since they offer little 
information on the overall shape of converter's 
transfer curve, and therefore do not directly 
correlate to the converter's effect on a signal's 
spectral content 
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Figure 14. FFT Plot with IkHz, Full-Scale Input 



Integral Nonlinearity (INL; also termed Relative 
Accuracy or just Nonlinearity) is defined as the 
deviation of the transfer function from an ideal 
straight line. Bows and waves in the transfer 



The CSZ5112 achieves repeatable signal-to- 
noise and harmonic distortion performance using 
an on-chip self-calibration scheme. The 
CSZ5112 calibrates its bit weights to a small 
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fraction of an LSB at 12-bits yielding peak 
distortion below the noise floor (see Figure 14). 
Unlike traditional ADC's, the linearity of the 
CSZ5112 is not limited by bit- weight errors; its 
performance is therefore extremely repeatable 
and independent of input signal conditions. 

Sampling Distortion 

The ultimate limitation on the CSZ5112's 
linearity (and distortion) arises from nonideal 
sampling of the analog input voltage. The 
calibrated capacitor array used during 
conversions is also used to track and hold the 
analog input signal. The conversion is not 
performed on the analog input voltage per se, but 
is actually performed on the charge trapped on 
the capacitor array at the moment the HOLD 
command is given. The charge on the array is 
ideally related to the analog input voltage by 
Qin = -Vin X Ctot as shown in Figure 2. Any 
deviation from this ideal relationship will result 
in conversion errors even if the conversion 
process proceeds flawlessly. 

At dc, the DAC capacitor array's voltage 
coefficient dictates the converter's linearity. This 
variation in capacitance with respect to applied 
signal voltage yields a nonlinear relationship 
between charge Qin and the analog input voltage 
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Figure 15. FFT Plot of 12kHz, Full-Scale Input 



Vin and places a bow or wave in the transfer 
function. This is the dominant source of 
distortion at low input frequencies. 

The ideal relationship between Qin and Vin can 
also be distorted at high signal frequencies due to 
nonlinearities in the internal MOS switches. 
Dynamic signals cause ac current to flow 
through the switches connecting the capacitor 
array to the analog input pin in the track mode. 
Nonlinear on-resistance in the switches causes a 
nonlinear voltage drop. This effect worsens with 
increased signal frequency since the magnitude 
of the steady state current increases. It assumes a 
linear relationship with input frequency and is 
illustrated in Figure 15 (the second harmonic at 
24kHz). 

This distortion is strictly an ac sampling 
phenomenon. If significant energy exists at high 
frequencies, the effect can be eliminated using an 
external track-and-hold amplifier to create an 
effective dc input. Delaying the HOLD signal to 
the CSZ5112 slightly from the sampling signal 
to the track-and-hold amplifier will allow the 
array's charge current to decay, thereby 
eliminating any voltage drop across the switches. 
Since the CSZ5112 has a second sampling 
function on-chip, the external track-and-hold can 
return to the track mode once the converter's 
HOLD input falls. It need only acquire the 
analog input by the time the entire conversion 
cycle finishes. 

Quantization Noise 

The error due to quantization of the analog input 
ultimately dictates the accuracy of any A/D 
converter. The continuous analog input must be 
represented by one of a finite number of digital 
codes, so the best accuracy to which an analog 
input can be known from its digital code is ± 1/2 
LSB. Under circumstances commonly 
encountered in signal processing applications, 
this quantization error can be treated as a random 
variable. The magnitude of the error is limited to 
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± 1/2 LSB, but any value within this range has 
equal probability of occurrence. Such a 
probability distribution leads to an error "signal" 
with an rms value of 1 LSB/VT2. Using an rms 
signal value of FS/V5 (amplitude = FS/2), this 
relates to an ideal 12-bit signal-to-noise ratio of 
74dB (6.022V + L76dB, where N is the number 
of bits). 

Equally important is the spectral content of this 
error signal. It can be shown to be approximately 
white, with its energy spread uniformly over the 
band from dc to one-half the sampling rate. 
Advantage of this characteristic can be made by 
judicious use of filtering. If the signal is 
bandlimited, much of the quantization error can 
be filtered out, and improved system 
performance can be attained. As illustrated in 
Figures 14 and 15, the CSZ5112's on-chip 
self-calibration provides very accurate bit 
weights which yield nearly ideal 12-bit 
performance. 

Clock Feedthrough 

Maintaining the integrity of analog signals in the 
presence of digital switching noise is a difficult 
problem. The CSZ5112 can be synchronized to 
the digital system using the CLKIN input to 
avoid conversion errors due to asynchronous 
interference. However, digital interference will 
still affect sampling purity due to coupling 
between the CS2ill2's analog input and master 
clock. 



Master Clock 
Int/Ext Freq 


Analog Input 
Source Impedance 


Clock Feedthrough 
RMS Peak-to-Peak 


Internal 2MHz 


50 


15uV 70uV 


External 2MHz 


50 


25uV 110uV 


External 4MHz 


50 n 


40uV 150uV 


External 4MHz 


25 n 


25uV nouv 


External 4MHz 


200O 


80uV 325uV 



Figure 16. Examples of Measured Clock Feedthrough 



The effect of clock feedthrough depends on the 
sampling conditions. If the sampling signal at the 
HOLD input is synchronized to the master clock, 
clock feedthrough will appear as a dc offset at 
the CSZ5112's output. The offset could 
theoretically reach the peak coupling magnitude 
(Figure 16), but the probability of this occurring 
is small since the peaks are spikes of short 
duration. 



<tone= <N's- <clk) 
where N=f ^||^/f g rounded to the nearest integer 



If sampling is performed asynchronously with 
the master clock, clock feedthrough will appear 
as an ac error at the CSZ5112's output. With a 
fixed sampling rate, a tone will appear as the 
clock frequency aliases into the baseband. The 
tone frequency can be calculated using the 
equation below and could be selectively filtered 
in software using DSP techniques. 

The magnitude of clock feedthrough depends on 
the master clock conditions and the source 
impedance applied to the analog input. When 
operating with the CSZ5112's internally- 
generated clock, the CLKIN input is grounded 
and the dominant source of coupling is through 
the device's substrate. As shown in Figure 16, a 
typical CSZ5112 operating with its internal 
oscillator at 2MHz and 50i2 of analog input 
source impedance will exhibit only 15pV rms of 
clock feedthrough (-116dB with a 9V p-p full 
scale). However, if a 2MHz external clock is 
applied to CLKIN under the same conditions, 
feedthrough increases to 25uV rms (-lUdB). 
Feedthrough also increases with clock 
frequency; a 4MHz clock yields 40|JV rms 
(-107dB). 

Clock feedthrough can be reduced by limiting 
the source impedance applied at the analog 
input. As shown in Figure 16, reducing source 
impedance from 50Q to 25Q yields a 15^iV rms 
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reduction in feedthrough. Therefore, when 
operating the CSZ5112 with high-frequency 
external master clocks, it is important to 
minimize source impedance applied to the 
CSZ5112's input 

Also, the overall effect of clock feedthrough can 
be minimized by maximizing the input range and 
LSB size. The reference voltage applied to 
VREF can be maximized, and the CSZ5112 can 
be operated in bipolar mode which inherently 
doubles the LSB size over the unipolar mode. 

Aperture Jitter 

Track-and-hold amplifiers commonly exhibit 
two types of aperture jitter. The first, more 
appropriately termed "aperture window", is an 
input voltage dependent variation in the aperture 
delay. Its signal-dependancy causes distortion at 
high frequencies. The CSZ5112's proprietary 
architecture avoids applying the input voltage 
across a sampling switch, thus avoiding any 
"aperture window" effects. The second type of 
aperture jitter assumes a random nature and 
appears in an FFT as a spreading in the 
fundamental. With only lOOps peak-to-peak 
aperture jitter, the CSZ5112 can process 
full-scale signals well above the Nyquist rate 
with 12-bit accuracy. 

Power Supply Rejection 

The CSZ5112's power supply rejection 
performance is enhanced by the on-chip 
self-calibration and an "auto-zero" process. 
Drifts in power supply voltages at frequencies 
less than the calibration rate have negligible 
effect on the CSZ5112's accuracy. This, of 
course, is because the CSZ5112 adjusts its offset 
to within a small fraction of an LSB during 
calibration. 



offsets are stored on the capacitor array and are 
effectively subtracted once conversion is 
initiated. Figure 17 shows power supply 
rejection of the CSZ5112 in the bipolar mode 
with the analog input grounded and a 3(X)mV p-p 
ripple applied to each analog supply. Power 
supply rejection improves by 6dB in the unipolar 
mode. 
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Figure 17. Power Supply Rejection 



Notches of increased rejection arise from the 
auto-zeroing at the conversion rate. The 
frequencies at which these notches occur also 
depend on the value of the captured analog input. 
The line shows worst-case rejection for all 
combinations of conversion rates and input 
conditions in the bipolar mode. Again, power 
supply rejection is 6dB better in the unipolar 
mode. 




Above the calibration frequency the excellent 
power supply rejection of the internal amplifiers 
is augmented by an auto-zero process. Any 
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HOLD 


cs 


CAL 


INTRLV 


RD 


AO 


RST 


Function 


; 


X 


X 


X 


X 


* 





Hold and Start Convert 


X 





1 


X 


X 


♦ 





Initiate Burst Calibration 


1 








X 


X 


* 





Stop Burst Cal and Begin Track 


X 





X 





X 


* 





Initiate Interleave Calibration 


X 





X 


1 


X 


* 





Terminate Interleave Cal 


X 





X 


X 





1 





Read Output Data 


1 





X 


X 











Read Status Register 


X 


1 


X 


X 


X 


* 


X 


High Impedance Data Bus 


X 


X 


X 


X 


1 


* 


X 


High Impedance Data Bus 


X 


X 


X 


X 


X 


X 


1 


Reset 








X 


X 


X 





X 


Reset 



* The status of AO is not critical to the operation specified. However, AO should not be low with CS and HOLD low, or a software 
reset will result. 

CSZ5112 Truth Table 



+5V 

Analog 

Si^ly 



Analog 
Signal 
Source 



Signal 
Conditioning 



26 



/ 



0-^VREF 
or 
+VREF 



Voltage 
Reference 



+1 0.0l[uF 



28. 



-5V 

Analog 

Supply 



27 



29 



VO.l uF I — ^'^^ 

?T^ OjJuF I VA- 



ion 

-AAAr- 



25 



11 
Vli+ 

BW 
BP/UP 



CLKIN 



CSZ5112 



SDATA 
SCLK 



AIN 



D0-D15 

EOC 
EOT 

iioi^ 



CAL 



VREF 



AGND 
REFBUF 



X. 



30^ 



INTRLV 

CS 

RD 

AO 

RESET 

TST 

DGND 

VD- 



10 n 
-AAAr- 



3^ 



33 



24 



0.1 



uF 



Mode 
Select 



20 



Cock 
Source 
(optional) 



40 



39 



Serial 

Data 
Interface 
(optional) 



8 or 16 



Data 
Processor 



38 



37 



25 



34 



21 



22 



i3 



Control 
Logic 



May 
micrc 
or die 

J 



May be 
microprocessor 
or discrete logic. 



32 



31 



Reset 
Generator 



OjJuF 

T 



1_ 



System Connection Diagram 
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HOLD 

DATA BUS BIT 

DATA BUS BIT 1 

DATA BUS BIT 2 

DATA BUS BIT 3 

DATA BUS BIT 4 

DATA BUS BIT 5 

DATA BUS BIT 6 

DATA BUS BIT 7 

DIGITAL GROUND 

POSITIVE DIGITAL POWER 

DATA BUS BIT 8 

DATA BUS BIT 9 

DATA BUS BIT 10 

DATA BUS BIT 11 

DATA BUS BIT 12 

DATA BUS BIT 13 

DATA BUS BIT 14 

DATA BUS BIT 15 

CLOCK INPUT 



HOLD 

DO 

D1 

02 

03 

04 

05 

06 

07 

OGNO 

VD+ 

08 

09 

010 

011 

012 

013 

014 

015 

CLKtN 



[i«V^ 


40] 


[2 


39] 


[3 


38] 


^ * CSZS112 


37] 




36 J 


[6 


35] 


[7 


34] 


[8 


33] 


[9 


32] 


[10 


31] 


[11 


30] 


[12 


29] 


[13 


28] 


[14 


27] 


[15 


26] 


[16 


25] 


[17 


24] 


[18 


23] 


[19 


22] 


[20 


21] 



SOATA SERIAL OUTPUT 

SCLK SERIAL CLOCK 

EGG END OF CONVERSION 

EOT END OF TRACK 

VO- NEGATIVE DIGITAL POWER 

] GAL CALIBRATE 

INTRLV INTERLEAVE 

BW BUS WIDTH SELECT 

RST RESET 

TST TEST 

VA- NEGATIVE ANALOG POWER 

REFBUF REFERENCE BUFFER OUTPUT 

VREF VOLTAGE REFERENCE 

] AGND ANALOG GROUND 

AIN ANALOG INPUT 

VA+_ POSITIVE ANALOG POWER 

BP/UP EilPOLAR/UNIPOLAR SELECT 

AO READ ADDRESS 

RD READ 

OS CHIP SELECT 



PIN DESCRIPTIONS 

Power Supply Connections 




VD+ - Positive Digital Power, PIN II. 

Positive digital power supply. Nominally +5 volts. 

VD- - Negative Digital Power, PIN 36. 

Negative digital power supply. Nominally -5 volts. 

DGND - Digital Ground, PIN 10. 

Digital ground reference. 

VA+ - Positive Analog Power, PIN 25. 

Positive analog power supply. Nominally +5 volts. 

VA™ - Negative Analog Power, PIN 30. 

Negative analog power supply. Nominally -5 volts. 

AGND . Analog Ground, PIN 27. 

Analog ground reference. 



DS26F2 



7-25 



CSZ5112 



Oscillator 



CLKIN - Clock Input, PIN 20. 

All conversions and calibrations are timed from a master clock which can either be supplied by 
driving this pin with an external clock signal, or can be internally generated by tying this pin to 
DGND. 



Digital Inputs 

HCOf. Hold, PIN 1. 

A falling transition on this pin sets the CSZ5112 to the hold state and initiates a conversion. 
This input must remain low at least one master clock cycle plus 50ns. 

C5- Chip Select, PIN 21. 

When high, the data bus outputs are held in a high impedance state and the inputs to CAL and 
INlkLV are ignored. A falling transition initiates or terminates burst or interleave calibration 
(dependin g on the status of CAL and INTRLV) and a rising transition latches both the CAL and 
INTRLV inputs. If ED is low, the data bus is driven as indicated by B W and AO. 

E^-Read,P]D^[22. 

When RD and CS are both low, data is driven onto the data bus. If either signal is high, the data 
bus outputs are held in a high impedance state. The data driven onto the bus is determined by 
BWandAO. 

AO - Read Address, PIN 23. 

Determines whether data or status information is placed onto the data bus. When high during 
the read operation, converted data is placed onto the data bus; when low, the status register is 
driven onto the bus. 

BP/DP - Bipolar/Unipolar Input Select, PIN 24. 

When high, the device is configured with a bipolar transfer function ranging from -VREF to 
+VREF. Encoding is in an offset binary format, with the mid-scale code 100...0000 centered at 
AGND. When low, the device is configured for a unipolar transfer function from AGND to 
VREF. Unipolar coding is in straight binary format. 

RST- Reset, PIN 32. 

When taken high, all internal digital logic is reset. Upon returning low, a full calibration 
sequence is initiated. 
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B W - Bus Width Select, PIN 33. 

When high, all 12 data bits are driven onto the bus simultaneously during a data read cycle. 
When low, the bus is in a byte wide format. On the first read following a conversion, the eight 
MSB's are driven onto D7-D0. A second read cycle places the four LSB's with four trailing 
zeroes on D7-D0. Subsequent reads will toggle the higher/lower order bytes of the same data 
until the next conversion completes. Regardless of BW's status, a read cycle with AO low yields 
the status information on D7-D0. 

INTRLV - Interleave, PIN 34. 

When latched low using CS, the device goes into interleave calibration mode. A full calibration 
will complete every 72,192 conversions. The effective conversion time extends by 20 clock 
cycles. 

CAL - Calibrate, PIN 35. (See note on page 30.) 

When latched high using CS, burst calibration results. The device cannot perform conversions 
during the calibration period which will terminate only once CAL is latched low again. 
Calibration picks up where the previous calibration left off, and calibration cycles complete 
every 1,443,840 master clock cycles. If the device is converting when a calibration is signaled, 
it will wait until that conversion completes before beginning calibration. 



Analog Inputs 

AIN - Analog Input, PIN 26. 

Input range in unipolar mode is zero volts to VREF. Input range in bipolar mode is -VREF to 
+VREF. The output impedance of buffer driving this input should be less than or equal to 200Q. 

VREF - Voltage Reference, PIN 28. 

The analog reference voltage which sets the analog input range. It represents positive full scale 
for both bipolar and unipolar operation, and its magnitude sets negative full scale in bipolar 
mode. 



Digital Outputs 

DO through D15 - Data Bus Outputs, PWS 2 thru 9, 12 thru 19. 

3-state output pins. Enabled by CS and RD, they offer the converter's 12-bit output in a format 
consistent with the state of B W if AO is high. If AO is low, bits D0-D7 offer the status register. 




EOT - End Of Track, PIN 37. 

If low, indicates that enough time has elapsed since the last conversion for the device to acquire 
the analog input signal (3.75|xs for 4MHz external clock). 
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EGU - End Of Conversion, PIN 38. 

This output indicates the end of a conversion or reset calibration cycle. It is high during a 
conversion and will fall to a low state upon completion of the conversion cycle indicating valid 
data is available at the output. Returns high on the first subsequent read or the start of a new 
conversion cycle. 

SD ATA - Serial Output, PIN 40. 

Presents each output data bit after it is determined by the successive approximation algorithm. 
Valid on the rising edge of SCLK, data appears MSB first, LSB last, and each bit remains vaUd 
until the next bit appears. 

SCLK . Serial Clock Output, PIN 39. 

Used to clock converted output data serially from the CSZ5112. Serial data is stable on the 
rising edge of SCLK. 



Analog Outputs 

REFBUF - Reference Buffer Output, PIN 29. 

Reference buffer output. A OA\xF ceramic capacitor must be tied between this pin and VA-. 



Miscellaneous 

TST- Test, PIN 3L 

Allows access to the CSZ5112's test functions which are reserved for factory use. Must be tied 
toDGND. 
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ERROR DEFINITIONS 



Peak Harmonic or Spurious Noise (More accurately, Signal to Peak Harmonic or Spurious Noise) - 
The ratio of the rms value of the signal to the rms value of the next largest spectral component 
below the Nyquist rate (excepting dc). This component is often an aliased harmonic when the 
signal frequency is a significant proportion of the sampling rate. Expressed in decibels. 

Total Harmonic Distortion - The ratio of the rms sum of all harmonics to the rms value of the signal. 
Units in percent. 

Signal-to-Noise Ratio - Ratio of the rms value of the signal to the rms sum of all other spectral 
components below the Nyquist rate (excepting dc), including distortion components. Expressed 
in decibels. 

Full Scale Error - The deviation of the last code transition from the ideal (VREF-3/2 LSB's) after all 
offsets have been externally compensated. Units in LSB's. 

Unipolar Offset - The deviation of the first code transition from the ideal (1/2 LSB above AGND) 
when in unipolar mode (BP/UP low). Units in LSB's. 

Bipolar Offset - The deviation of the mid-scale transition (Oil... Ill to 100...000) from the ideal 
(1/2 LSB below AGND) when in bipolar mode (BP/UP high). Units in LSB's. 

Bipolar Zero - The deviation of the first code transition from the ideal (1/2 LSB above -VREF) when 
in bipolar mode (BP/UP high). Units in LSB's. 

Aperture Time - The time required after the hold command for the sampling switch to open fully. 
Effectively a sampling delay which can be nulled by advancing the sampling signal. Units in 
nanoseconds. 

Aperture Jitter - The range of variation in the aperture time. Effectively the "sampling window" 
which ultimately dictates the maximum input signal slew rate acceptable for a given accuracy. 
Units in picoseconds. 




Note: Temperatures specified define ambient conditions in free-air during test and do not refer to the 
junction temperature of the device. 
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Ordering Guide 



IVlod^l 


Throughput 


Temp R^nge 


Package 


CSZ5112-KP24 


34 kHz 


0to70°C 


40-Pin Plastic DIP 


CSZ5112-KP12 


63 kHz 


0to70^C 


40-Pin Plastic DIP 


CSZ5112-KP7 


100 kHz 


0to70^C 


40-Pin Plastic DIP 


CSZ5112-BC24 


34 kHz 


-40 to +85 X 


40-Pin Ceramic Side-Brazed DIP 


CSZ5112-BC12 


63 kHz 


-40 to +85 °C 


40-Pin Ceramic Side-Brazed DIP 


CSZ5112-BC7 


100 kHz 


-40 to +85 X 


40-Pin Ceramic Side-Brazed DIP 


CSZ5112-TC24 


34 kHz 


-55 to +125 ^C 


40-Pin Ceramic Side-Brazed DIP 


CSZ5112-TC12 


63 kHz 


-55 to +1 25 X 


40-Pln Ceramic Side-Brazed DIP 



ADDENDUM 

Burst Calibration 

Burst calibration mode allows control of partial calibration cycles. Due to an unforeseen condition 
inside the part, asynchronous termination of calibration (C AL brought low) may result in a sub-optimal 
calibration result. It is recommended that burst calibration is not used, until the silicon is revised to 
prevent this effect. 

The reset and interleave mode work perfectly, and should be used instead of burst mode. The 
CSZ5112's very low drift over temperature means that, under most circumstances, calibration need 
only be performed at power-up, using reset. 

If you wish to use burst calibration, then please contact the factory for advice and new part availability 
information. 



7-30 



DS26F2 



Semiconductor Corporation 



CSZ5114 



14'Bit, 56kHz Sampling A/D Converter 



Features 

• Monolitliic CMOS A/D Converter 

Inherent Sampling Architecture 
3-State Output Buffers 
Microprocessor Interface 

• Sampling Rates up to 56kHz 

• Ultra-Low Distortion 

Total Harmonic Distortion: 0.003% 
Peak Harmonic or Noise: -98dB 

• Low Power Dissipation: 120mW 

• Pin Compatible with CSZ51 12/CSZ51 16 



General Description 

The CSZ5114 CMOS analog-to-digital converter is an 
Ideal front end for single- or multi-channel digital signal 
processing systems. It needs no external sample/hold 
amplifier at its input to convert ac signals - the sampling 
function is inherent to its charge redistribution design. 

Using a standard successive-approximation algorithm, 
the CSZ51 14 sequences through a 14-bit conversion in 
14.25 microseconds. With 3.75 microseconds needed 
between conversions for acquisition, the CSZ51 14 can 
support throughput rates up to 56kHz. It is therefore ideal 
for processing audioband signals. 

The CSZ51 14 features an on-chip self-calibration scheme 
which calibrates its bit weights to true 14-bit accuracy. This 
insures low distortion and maintains good signal-to-noise 
performance with low-level signals. 

ORDERING rNFORMATION: Page 59 



H<XD CS RD AO BP/UP RST BW INTRLV CAL EOT EOC SCLK SDATA 



REFBUF 
VREF 



AIN A2fi- 



21 22 23 24 32 33 34 35 37 38 39 



CLOCK 
GENERATOR 



t> 



— • CONTROL 



CAUBRATION 
MEMORY 



lORY p I 



14 BIT CHARGE 
REDISTRIBUTION 
DAC 



MICROCONTROLLER 




COMPARATOR 



STATUS REGISTER | ^»- 
36 10 31 





DGND 



TST 



S-to-Z''' Converter 
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ANALOG CHARACTERISTICS 

(Ta = 25°C; VA+, VD+ = 5V; VA-, VD- = -5V; VREF = 4.5V; 

Full-scale Input Sinewave, 1kHz; fcik = 4MHz for -14, 2MHz for -28; fs = 56kHz for -14. 30kHz for -28; 

Bipolar Mode ; Analog Source Impedance = 200^ unless othenA/ise specified) 



Parameter* 


CS75114-K 
min typ max 


CSZ5114-B 
min typ max 


min 


CSZ5114-T 

typ max 


Units 


Specified Temperature Range 


0to70 


-40 to +85 


-55 to +125 


"C 


Dynamic Performance 


Peak Harmonic or Spurious Noise 

1kHz Input T^|ntoTr„3^ 
12kHz Input (Notel) 


94 
84 


98 
87 


94 98 
84 87 


94 
84 


98 
87 


dB 
dB 


Total Harmonic Distortion 


0.003 


0.003 


0.003 


% 


Signal-to-Noise Ratio 

OdB Input T^intoT^ax 
-60dB Input (Note 2) 


82 


84 
23 


82 84 
23 


82 


84 
23 


dB 
dB 


dc Accuracy 


Differential Linearity (Note 3) 


14 


14 


14 


Bits 


Full Scale Error Vm^°"^max 


±1/2 


±1/2 


±1/2 


LSB 


Unipolar Offset T^intoT^nax 


±1/4 


±1/4 


±1/4 


LSB 


Bipolar Offset T^in^^^^ax 


±1/4 


±1/2 


±1/2 


LSB 


Bipolar Zero Error T^jntoT^^^ 


±1/2 


±1/2 


±1/2 


LSB 


Analog Input 


Aperture Time 


25 


25 


25 


ns 


Aperture Jitter 


100 


100 


100 


ps 


Full Power Bandwidth (Note 4) 


28 


28 


28 


kHz 


Input Capacitance Unipolar Mode 
(Note 5) Bipolar Mode 


275 375 
165 220 


275 375 
165 220 


275 375 
165 220 


PF 
PF 



Notes: 1 . All Tmin to Tmax specifications apply after calibration at the temperature of interest. 

2. A detailed plot of S/(N+D) vs. input amplitude appears on page 49. 

3. Minimum Resolution for which no missing codes Is guaranteed. 

4. Refer to the Analog Input secilon on page 45 for a discussion of input slew capabilities. 

5. Applies only In the track mode. When converting or calibrating, input capacitance will not 
exceed lOpF. 

*Referto Error Definitions on page 58. 



Specifications are subject to change without notice. 



7-32 



DS25F3.1 



CSZ5114 



ANALOG CHARACTERISTICS (Continued) 



Parameter 


CSZ5114-K 
min typ max 


CSZ5114.B 
mIn typ max 


CSZ5114.T 
min typ max 


Units 


Conversion & Throughput 


Conversion Time -14 
(Notes 6, 7) -28 


14.25 
28.5 


14.25 
28.5 


14.25 
28.5 


us 
us 


Acquisition Time -14 
(Note 7) -28 


3.0 
4.5 


3.75 
5.25 




3.0 
4.5 


3.75 
5.25 




3.0 
4.5 


3.75 
5.25 


us 
us 


Throughput -14 
(Note 7) -28 


55.6 
29.6 


55.6 
29.6 


55.6 
29.6 


kHz 
l<Hz 


Power Supplies 


Power Supply Currents (Note 8) 

'a+ 

|D. 


9 

- 9 

3 

. - 3 


19 

-19 

6 

- 6 




9 

- 9 
3 

- 3 


19 

-19 

6 

- 6 




9 

- 9 
3 

- 3 


19 

-19 

6 

- 6 


mA 
mA 
mA 
mA 


Power Dissipation (Note 8) 


120 


250 




120 


250 




120 


250 


mW 


Power Supply Rejection (Note 9) 
Positive Supplies 
Negative Supplies 


84 
84 


84 
84 


84 
84 


dB 
dB 



Notes: 



6. Measured from falling transition on HOLD to falling transition on EOC. 

7. Conversion, acquisition, and tiirougliput times depend on the master clock, sampling, and calibration 
conditions. Tiie numbers sliown assume sampling and conversion is synchronized with the 
CSZ5114's internal conversion clock, interleave calibrate Is disabled, and operation Is from the 
full-rated extemal master clock. A detailed discussion of conversion timing appears on page 39. 

8. All outputs unloaded. Ail inputs CMOS levels. 

9. With SOOmV p-p, 1kHz ripple applied to each supply separately in the bipolar mode. Rejection 
Improves by 6dB in the unipolar mode to 90dB. A plot of typical power supply rejection appears on 
page 52. 
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SWITCHING CHARACTERISTICS 

(Ta = Tmin to Tmax; VA+. VD+ = 5V ± 10%; VA-. VD 


- = -5V±10%; 


Logic = 0V; 


Logic 1 = VD+ 


Gl = 50pF) 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Master Clock Frequency: 

Internally Generated : -14 

-28 
Externally Supplied: -14 

-28 


fCLK 


2 

1 


- 


4 
2 


MHz 


Master Clock Duty Cycle 


- 


30 


- 


70 


% 


Rise Times: Any Digital input 
Any Digital Output 


Uise 


- 


20 


1.0 


us 
ns 


Fall Times: Any Digital Input 
Any Digital Output 


^fall 


- 


20 


1.0 


us 
ns 




thpw 


1/fCLK+50 


- 


tc 


ns 


HOLD Pulse Width 


Conversion Time 


tc 


(Note 10) 


- 


(Note 10) 


us 


Data Delay Time 


tdd 


- 


40 J 


100 


ns 


EOC Pulse Width (Note 11) 


tepw 


4/fcLK-20 


- 


- 


ns 




tcs 
tas 


20 
20 


10 
10 


- 


ns 


Set Up Times: CAL, INTRLV to CS Low 
AO to CS and RD Low 


Hold Times: 

CS or RD High to AO Invalid 
CS High to CAL, INTRLV Invalid 


tah 
tch 


50 
50 


30 
30 


- 


ns 


Access Times: CS Low to Data Valid 
-K,B 
-T 
RD Low to Data Valid 
-K, B 
-T 


tea 
tra 




90 
115 

90 
115 


120 
150 

120 
150 


ns 
ns 


Output Float Delay: 

CS or RD High to Output Hl-Z 


tfd 




50 


70 


ns 


Serial Clock Pulse Width Low 
Pulse Width High 


tpwl 
tpwh 




2/fCLK 
2/fCLK 


: 


ns 


Set Up Times: SDATA to SCLK Rising 


tss 


2/fcLK-IOO 


2/fCLK 


- 


ns 


Hold Times: SCLK Rising to SDATA 


tsh 


2/fCLK-100 


2/fCLK 


- 


ns 



Notes: 10. See T able 1 and master clock frequencies above. 

1 1 . EOC remains low 4 master clock cycles If CS and RD are held low. Othenwise, It returns high within 
four master clock cycles from the start of a data read operation or a conversion cycle. 
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SCLK 



SDATA 



CS" 



RD 



AO 



*pwl * 

y 



* — t, 



k-ts 



D0-D15 



CAL, INTRLV 



X 



pwh ■ 



-tslv 



Serial Output Timing 



tea *• 



*- tas- 



X 



Hi-Z 



tah- 



tfd 



V 



♦— tcs— • 

XZ 



X 



tch 



Read and Calibration Control Timing 



-thpw— • 



HOLD 

^ //////// 

Output Data 



' epw- 



-tdd- 



LAST CONVERSION DATA VALID 






X 




Hi-Z 



/ZZZZL 



z 



NEW DATA VALID 



Conversion Timing 



DS25F3 



7-35 



CSZ5114 



DIGITAL CHARACTERISTICS (TA = Tmin to Tmax; VA+,VD+ = 5V±10%; VA-.VD- = -5V±10%) 


Parameter 


Symbol 


MIn 


Typ 


Max 


Units 


High-level Input Voltage 


V|H 


2.0 




- 


V 


Low-Level Input Voltage 


V|L 


- 




0.8 


V 


High-Level Output Voltage (Note 1 2) 


VOH 


VD+-1.0V 




- 


V 


Low-Level Output Voltage but = ^ -^mA 


Vol 






0.4 


V 


Input Leakage Current 


lin 






10 


uA 


3-State Leakage Current 


lOZ 






±10 


uA 


Digital Output Pin Capacitance 


Cout 




9 


- 


PF 



Note: 1 2. lout = -1 00mA. This specification guarantees TTL compatibility (Voh = 2.4V @ lout = -40nA)- 



RECOMMENDED OPERATING CONDITIONS (agnd.dgnd = ov. see Note 13.] 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Power Supplies: Positive Digital 
Negative Digital 
Positive Analog 
Negative Analog 


VD+ 
VD- 
VA+ 
VA- 


4.5 
-4.5 

4.5 
-4.5 


5.0 
-5.0 

5.0 
-5.0 


5.5 
-5.5 

5.5 
-5.5 


V 
V 
V 
V 


Analog Reference Voltage 


VREF 


2.5 


4.5 


VA+ - 0.5 


V 


Analog Input Voltage: Unipolar 
(Note 14) Bipolar 


Vain 
Vain 


AGND 
-(VREF) 


- 


VREF 
VREF 


V 
V 



Notes: 13. All voltages with respect to ground. 

14. The CSZ51 14 can accept input voltages up to the analog supplies (VA+ and VA-). It will produce 
an output of all 1's for inputs above VREF and all O's for inputs below AGND in unipolar mode 
and -VREF in bipolar mode. 



ABSOLUTE MAXIMUM RATINGS (AGND,DGND = 0V, all voltages with respect to ground.) 



Parameter 


Symbol 


Min 


Max 


Units 


DC Power Supplies: Positive Digital 

Negative Digital 
Positive Analog 
Negative Analog 


VD+ 
VD- 
VA+ 
VA- 


-0.3 
0.3 

-0.3 
0.3 


VA+ + 0.3 
-6.0 
6.0 
-6.0 


V 
V 
V 
V 


Input Current, Any Pin Except Supplies (Note 15) 


lin 


- 


±10 


mA 


Analog Input Voltage (AIN and VREF pins) 


V,NA 


VA- - 0.3 


VA+ + 0.3 


V 


Digital Input Voltage 


V,ND 


-0.3 


VD+ + 0.3 


V 


Ambient Operating Temperature 


Ta 


-55 


125 


•c 


Storage Temperature 


Tst. 


-65 


150 


•c 



Note: 15. Transient currents of up to 100mA will not cause SCR latch-up. 

WARNING: Operation at or beyond these limits may result in permanent damage to the device. 
Normal operation Is not guaranteed at these extremes. 
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THEORY OF OPERATION 

The CSZ5114 utilizes the most popular method 
of executing high-speed, high-resolution A/D 
conversion: successive approximation. As with 
all other iterative comparison methods, the 
analog input is successively compared to the 
output of a D/A converter controlled by the 
conversion algorithm. Successive approximation 
begins by comparing the input to the DAC 
output set to half-scale (MSB on, all other bits 
off). If the input is found to be below half-scale, 
the MSB is reset to zero and the input is 
compared to one-quarter scale (next-MSB on, all 
others off). If the input were above half-scale, 
the MSB would remain high and the next 
comparison would be at three-quarters of full 
scale. This procedure continues until all bits have 
been exercised. 

The CSZ5114 implements the successive 
approximation algorithm using a unique charge- 
redistribution architecture. Instead of the 
traditional resistor network, the DAC is an array 
of binary-weighted capacitors. All legs of the 
array share a common node at the comparator's 
input, with their other terminals capable of being 
connected to AJN, AGND, or VREF (Figure 1). 
When the device is not calibrating or converting, 
all bits are tied to AIN forming Ctot. Switch SI is 
closed and the charge on the array, Qin, tracks 
the input signal Vin (Figure 2a). 

When the conversion command is issued, switch 
SI opens as shown in Figure 2b. This traps 




I ^ 



-Qin = Vi„ q^t 
Figure 2a. Tracking Mode 

charge Qin on the comparator side of the 
capacitor array and creates a floating node at the 
comparator's input. The conversion algorithm 
operates on this fixed charge, and the signal at 
the analog input pin is ignored. In effect, the 
entire DAC capacitor array serves as analog 
memory during conversion much like a hold 
capacitor in a sample/hold amplifier. 



D c 




a-D)Ctot 




Vin 



for V,„ = OV 



VREF 

Figure 2b. Convert Mode 

The conversion consists of manipulating the free 
plates of the capacitor array to VREF and AGND 
to form a capacitive divider. Since the charge at 
the floating node remains fixed, the voltage at 
that point depends on the proportion of 
capacitance tied to VREF versus AGND. The 



AIN o- 



VREF g— — f- t t f 

\. \. K. v ^ 

c I c/ 2 I c /4 1 as I 

T T T T 



Bit 13 Bit 12 Bit 11 
MSB 



Bit 10 



C/8192 



• • • 






BitO 
LSB 



Figure 1. Charge Redistribution DAC 
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successive-approximation algorithm is used to 
find the proportion of capacitance, termed D in 
Figure 2b, which will drive the voltage at the 
floating node to zero. That binary fraction of 
capacitance represents the converter's digital 
output. 

The CSZ5114's charge redistribution architec- 
ture easily supports bipolar input ranges. If half 
the capacitor array (the MSB capacitor) is tied to 
VREF rather than AIN in the track mode, the 
input range doubles and offsets half-scale. The 
magnitude of the reference voltage thus defines 
both positive and negative full-scale (-VREF to 
+VREF), and the digital code is an offset binary 
representation of the input. 

Calibration 



manipulates the sub-arrays to precisely ratio the 
bits. Each bit is adjusted to just balance the sum 
of all less significant bits plus one dummy LSB 
(for example, 16C = 8C + 4C + 2C + C + C). 
Calibration resolution for each bit is one-six- 
teenth of an LSB, resulting in a nearly ideal 
transfer function. 

DIGITAL CIRCUIT CONNECTIONS 

The CSZ5 1 14 can be applied in a wide variety of 
master clock, sampling, and calibration 
conditions which directly affect the device's 
conversion time and throughput The device also 
features on-chip 3-state output buffers and a 
complete interface for connecting to 8- and 16- 
bit digital systems. Output data is also available 
in serial format. 



The ability of the CSZ5114 to convert accurately 
to 14-bits clearly depends on the accuracy of its 
comparator and DAC. The CSZ5114 utilizes an 
"auto-zeroing" scheme to null errors introduced 
by the comparator. All offsets are stored on the 
capacitor array while in the track mode and are 
effectively subtracted from the input signal when 
a conversion is initiated. Auto-zeroing enhances 
power supply rejection at frequencies below the 
conversion rate. 

To achieve 14-bit accuracy from the DAC, the 
CSZ5114 uses a novel self-calibration scheme. 
Each bit capacitor shown in Figure 1 actually 
consists of several capacitors which can be 
manipulated to adjust the overall bit weight. 
During calibration, an on-chip microcontroller 



Master Clock 

The CSZ5114 operates from a master clock 
which can be externally supplied or internally 
generated. The internal oscillator is activated by 
holding the CLKIN input low. Alternatively, the 
CSZ5114 can be synchronized to the external 
system by driving the CLKIN pin with a TTL or 
CMOS clock signal. 

All calibration, conversion, and throughput times 
directly scale to master clock frequency. Thus, 
throughput can be precisely controlled and/or 
maximized using an external master clock. In 
contrast, the CSZ5114's internal oscillator will 
vary from unit-to-unit and over temperature. Its 
tolerance gives rise to minimum and maximum 



Sampling 
Clock 



Master Clock MUKUUlfl. 
(Optional) 



iHOLD 
CSZ5114 

CLKESr 



Master Clock JlJUUUUm 
(Optional) 



HOLD I 

CSZ5114 
EOT 

CLKIN 



a. Asynchronous Sampling b. Synchronous Sampling 

Figure 3. Sampling Connections 
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conversion times and throughput rates. The -14 
version of the CSZ5114 is specified for accurate 
operation with an external clock up to 4MHz; its 
internal clock frequency is specified at a 
minimum of 2MHz. The -28 version can handle 
external clocks up to 2MHz; its internal clock 
can range as low as IMHz (see Switching 
Characteristics, page 34). 

Sampling/Initiating Conversions 



A falling transition on the HOLD pin places the 
input in the hold mode and initiates a conversion 
cycle. The HOLD input is latched internally by 
the master clock, so it can return high anytime 
after one master clock cycle plus 50ns. Upon 
completion of the conversion cycle, the 
CSZ5114 automatically returns to the track 
mode. In contrast to systems with separate track- 
and-holds and A/D converters, a sampling clock 
can simply be connected to the HOLD input 
(Figure 3a). The duty cycle of this clock is not 
critical. It need only remain low at least one 
master clock cycle plus 50ns, but no longer than 
the minimum conversion time or an additional 
conversion cycle will be initiated with 
inadequate time for acquisition. 

Conversion Time/Throughput 

Upon completing a conversion cycle and 
returning to the track mode, the CSZ5114 
requires time to acquire the analog input signal 
before another conversion can be initiated. The 
acquisition time is specified as six master clock 
cycles plus 2.25M'S. This adds to the conversion 
time to define the converter's maximum through- 



put. The conversion time of the CSZ5114, in 
turn, depends on the sampUng, calibration, and 
master clock conditions. 

Asynchronous Sampling 

The CSZ5114 internally operates from a clock 
which is delayed and divided down from the 
master clock (fcLK/4). If sampling is not 
synchronized to this internal clock, the conver- 
sion cycle may not begin until up to four clock 
cycles after HOLD goes low even though the 
charge is trapped immediately. In this 
asynchronous mode (Figure 3a), the four clock 
cycles add to the minimum 57 clock cycles to 
define the maximum conversion time (see Figure 
4a and Table 1). 





4 l/Througlq>ut » 




HOLD \ 
Input 


s /////// 


> 


s /// 








output /// 
Em 

Output / 


{//// ^J^ 


. ///////// 


4 


•i\cqmsition"* 


222/ 


\\\\\ ///// 


.♦. .♦ 




Synchrooizalioa Uncertainty (4 cycles) 

Figure 4a. Asynchronous Sampling (External Clock) 



Synchronous Sampling 

To achieve maximum throughput, sampling can 
be synchronized with the internal conversion 
clock by connecting the End-of-Track (EOT) 
output to HOLD (Figure 3b). T he EO T output 
falls 15 master clock cycles after EOC indicating 
the analog input has been acquired to the 



Sampling Mode 
Synchronous (Loopback) 
Asynchronous 



ConversSoni Time 

min max 

57T 57T 

57T 61T + 235ns 

(T = one master clock cycle) 



Throughput Time 

min max 

721 72T 

N/A 67T + 2.25|iS 



Table 1. Conversion and Throughput Times 
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CSZ5114's specified accuracy. The EOT output 
is synchronized to the internal conversion clock, 
so the four clock cycle synchronization uncer- 
tainty is removed yielding throughput at l/80th 
of the master clock frequency (see Figure 4b and 
Table 1). To achieve maximum throughput in the 
loopback mode, the master clock high time must 
not exceed 100ns. 



HOLD ■ 
Input 



EOC 

Output . 



1 / Throughput 
(72 cycles) ' 



J~ 



Conversion 

(g7gyclgs) 



f 



Ou?pat \J Acquisition (15 cycles) 

Figure 4b. Synchronous (Loopback) Mode 

Also, the CSZ5114's internal RC oscillator 
exhibits significant jitter (typically ± 0.05% of its 
period), which is high compared to crystal 
oscillators. If the CSZ5114 is configured for 
synchronous sampling while operating from its 
internal oscillator, this jitter will directly affect 
sampling purity. 

The EOT output is an accurate indicator of the 
CSZ5114's acquisition requirement when 
operating at the -14 version's full rated speed 
(3.75p,s with a 4MHz master clock). However, 
EOT will allow the CSZ5114 more acquisition 
time than necessary when operating with a clock 
less than 4MHz. The EOT output always falls 15 
master clock cycles after EOC. The CSZ5114 
only needs 3.75^is (six cycles @4MHz plus 
2.25|xs). When operating the -28 with a master 
clock of 2MHz or less, higher throughput can be 
achieved than in the loopback configuration by 
using an external counter. The counter should be 
reset by the falling edge of EOC and count the 
appropriate number of clock cycles after each 
conversion. When the total time is greater than 
six clock cycles plus 2.25|is the counter can 
trigger a new conversion at HOLD. For example, 
when using a 2MHz clock, 2.25^s takes between 
four and five clock cycles. When six cycles are 



added to this it is seen that the counter should 
trigger a new conversion at the eleventh clock 
cycle. 

Reset 

Upon power up, the CSZ5114 must be reset to 
guarantee a consistent starting condition and 
initially calibrate the device. Due to the 
CSZ5114's low power dissipation and low 
temperature drift, no warm-up time is required 
before reset to accommodate any self-heating 
effects. However, the voltage reference input 
should have stabilized to within 0.25% of its 
final value before RST falls to guarantee an 
accurate calibration. Later, the CSZ5114 may be 
reset at any time to initiate a single full calibra- 
tion. Reset overrides all other functions. If reset, 
the CSZ5114 will clear and initiate a new 
calibration cycle mid-conversion or mid-calibra- 
tion. 

Resets can be initiated in hardware or software. 
The simplest method of resetting the CSZ5114 
involves strobing the RST pin high. When RST 
is brought high aU internal logic clears. When it 
returns low a full calibration begins which tiakes 
1,443,840 master clock cycles (approximately 
360ms with a 4MHz clock) to complete. A 
simple power-on reset circuit can be built using a 
resistor and capacitor, and a Schmidt-trigger 
inverter to prevent oscillation (see Figure 5). The 
CSZ5114 can also be reset in software when 
under microprocessor control. The CSZ5114 will 
reset whenever CS, AO, and HOLD are taken 
low simultaneously. See the Microprocessor 




Figure 5. Power-On Reset Circuitry 
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Interface section to eliminate the possibility of 
inadvertent software reset. The EOC output 
remains high throughout the reset operation and 
will fall upon its completion. It can thus be used 
to generate an interrupt indicating the CSZ5114 
is ready for operation. Six master clock cycles 
plus 2.25[is must be allowed after EOC falls to 
allow for acquisition. Under microprocessor- 
independent operation with 3-states permanently 
enabled (CS, RD low; AO high) the EOC output 
will not fall at the completion of the reset opera- 
tion. 

Initiating Calibration 



The CSZ5114 features a background calibration 
mode called "interleave." Interleave appends a 
single calibration experiment to each conversion 
cycle and thus requires no dead time for 
calibration. The CS2^114 gathers data between 
conversions and will adjust its transfer function 
once it completes the entire sequence of 
experiments (one calibration cycle per 72,192 
conversions). Initiated by bringing both the 
INTRLV input and CS low (or hard-wiring 
INTRLV low), interleave extends the CSZ5114's 
effective conversion time by 20 master clock 
cycles. Other than reduced throughput, interleave 
is totally transparent to the user. 



All modes of calibration can be controlled in 
hardware or software. Accuracy can thereby be 
insured at any time or temperature throughout 
operating life. After initial calibration at power- 
up, the CSZ5114's charge-redistribution design 
yields better temperature drift and more graceful 
aging than resistor-based technologies, so 
calibration is actually required less often than 
with traditional devices. 

The first mode of calibration, reset, results in a 
single full calibration cycle. The second type of 
calibration, termed "burst" cal, is useful when the 
ADC sees some downtime but not enough to 
perform a full reset calibration. Burst cal can be 
terminated mid-calibfation; it picks up where it 
left off previously, so calibrations can be done in 
piecemeal fashion. Burst cal is initiated by bring- 
ing the CAL input high with CS low. The CAL 
input is level-triggered and latches on the rising 
edge of CS, so a write cycle can be used to 
control calibration in software. Burst cal will 
continue to loop through calibration cycles until 
terminated. Once CAL returns low, at least 26 
master clock cycles plus 2.25|xs (8.75|i.s @ 
4MHz clock) must be allowed before a conver- 
sion is initiated to ensure the CSZ5114 has 
completed its calibration experiment and has 
acquired the analog input. The EOC output 
indicates the completion of the final calibration 
experiment. (See note on page 59.) 



Burst calibrations initiated at CAL pick up where 
interleave left off, so calibration cycles can be 
hastened by "bursting" a number of experiments 
whenever the CSZ5114 sees free time. Interleave 
is subordinate to burst calibrations, so INTRLV 
could still be hard-wired low. 

Microprocessor Interface 

The CSZ5114 features an intelligent 
microprocessor interface which offers detailed 
status information and allows software control of 
the self-calibration functions. Output data is 
available in either 8- or 16-bit formats for easy 
interfacing to industry-standard microprocessors. 

Strobing both CS and RD low enables the 
CSZ5114's 3-state output buffers with either 
output data or status information depending on 
the status of AO. An address bit can be connected 
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Figure 6. Address/Control Bus Connections 
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DEFINITION 

Falls upon completion of a conversion, 

and returns high on the first subsequent read. 

Reserved for factory use. 

When data is to be read in an 8-bit format (BW^O), 
Indicates which byte will appear at the output next. 

When low, indicates the input has been acquired to 
the devices specified accuracy. 

Reserved for factory use. 

High when the device is tracking the intput. 

High when the device is converting the held input. 

High when the device is calibrating. 



Table 2. Status Bit Definitions 



to AO as shown in Figure 6 thereby memory 
mapping the status register and output data. 
Conversion status can be polled in software by 
reading the status register (CS and RD strobed 
low with AO low), and masking status bits S0-S5 
and S7 (by logically AND'ing the status word 
with 01000000) to determine the value of S6. 
Similarly, the software routine can determine 
calibration status using other status bits (see 
Table 2). Care must be taken not to read the 
status register (AO low) while HOLD is low, or a 
software reset will result (see Reset, page 40). 



Alternatively, the End-of-Convert (EOC) output 
can be used to generate an interrupt or drive a 
DMA controller to dump the output directly into 
memory after each conversion. The EOC pin 
falls as each conversion cycle is completed and 
data is valid at the output. It returns high within 
four master clock cycles of the first subsequent 
data read operation or after the start of a new 
conversion cycle. 



To interface with a 16-bit data bus, the BW input 
to the CSZ5114 should be held high and all 14 
data bits read in parallel on pins D15-D2. With 
an 8-bit bus, the converter's 14-bit result must be 
read in two portions. In this instance, BW should 
be held low and the 8 MSB's obtained on the 
first read cycle following a conversion. The 
second read cycle will yield the 6 LSB's with 
two trailing zeroes. Both bytes appear on pins 
D0-D7. The upper/lower bytes of the same data 
will continue to toggle on subsequent reads until 
the next conversion finishes. Status bit S4 
indicates which byte will appear on the next data 
read operation. 

The CSZ5114 internally buffers its output data, 
so data can be read while the device is tracking 
or converting the next sample. Therefore, retriev- 
ing the converter's digital output requires no 
reduction in ADC throughput. Enabling the 
3-state outputs while the CS215114 is converting 
will not introduce conversion errors. When TTL 



(A0=0) 



Data 
(A0=1) 



D15 D14 D13 D12 Dll DIO D9 D8 



D7 D6 D5 D4 D3 D2 Dl DO 
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"X" Denotes High Impedance Output 
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Figure 7. Data Format 
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loads are utilized the potential for crosstalk be- 
tween digital and analog sections of the system is 
increased. This crosstalk is due to high digital 
supply and signal currents arising from the TTL 
drive current required of each digital output. 
Connecting CMOS logic to the digital outputs is 
recommended. Suitable logic families include 
4000B, 74HC, 74AC, 74ACT, and 74HCT. 
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- Reset 
♦ Latching 
Output 



Microprocessor Independent Operation 



Figure 8. Microprocessor-Independent Connections 



The CSZ5114 can be operated in a stand-alone 
mode independent of intelligent control. In this 
mode, Cf and RD are hard-wired low 
permanently enabling the 3-state output buffers. 
A free-running condition is established when 
BW is tied high, CAL is tied low, an d HO LD is 
continually strob ed low or tied to EOT. The 
CSZ5114's EOC output can be used to externally 
latch the output data if desired. With C5 and RD 
hard-wired low, EOC will strobe low for four 
master clock cycles after each c onvers ion. Data 
will be unstable up to 100ns after EOC falls, so it 
should be latched on the rising edge of EOC. 



Serial Output 

All successive-approximation A/D converters 
derive their digital output serially starting with 
the MSB. The CSZ5114 presents each bit to the 
SDATA pin four master clock cycles after it is 
derived and can be latched using the serial clock 
output, SCLK. Just subsequent to each bit 
decision SCLK will fall and return high once the 
bit information on SDATA has stabilized. Thus, 
the rising edge of the SCLK output should be 
used to clock the data from the CSZ5114 (See 
Figure 9). 
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notes: 1. td can vary from 135ns - 235ns over military temerature range and o ver ± 10% supply variation. 

2. For asynchronous mode, transitions of SCLK, SDATA, EOC, EOT can shift by up to 4 clocks; e.g. the 
first high to low tra nsition of SCLK may be on clock #6 to #9. The timing relationship between SCLK, 
SDATA, EOC, and EOT is fixed. 



Figure 9. Serial Output Timing 
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ANALOG CIRCUIT CONNECTIONS 

Most popular successive-approximation A/D 
converters generate dynamic loads at their 
analog connections. The CSZ5114 internally 
buffers all analog inputs (AIN, VREF, and 
AGND) to ease the demands placed on external 
circuitry. However, accurate system operation 
still requires careful attention to details at the 
design stage regarding source impedances as 
well as grounding and decoupling schemes. 

Reference Considerations 

An application note titled ''Voltage References 
for the CS501X/CSZ511X Series of AID 
Converters'' is available for the CSZ5114. In 
addition to working through a reference circuit 
design example, it offers seven built-and-tested 
reference circuits. 
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Figure 10. Reference Connections 



During conversion, the members of the 
calibrated capacitor array are switched between 
VREF and AGND in a manner determined by 
the successive-approximation algorithm. The 
charging and discharging of the array results in a 
current load at the reference. The CSZ5114 
includes an internal buffer amplifier to minimize 
the external reference circuit's drive requirement 
and preserve the reference's integrity. Whenever 
the array is switched during conversion, the 
buffer is used to pre-charge the array thereby 



providing the bulk of the necessary charge. The 
appropriate array capacitors are then switched to 
the unbuffered VREF pin to avoid any errors due 
to offsets and/or noise in the buffer. 

The external reference circuitry need only 
provide the residual charge required to fully 
charge the array after pre-charging from the 
buffer. This creates an ac current load as the 
CSZ5114 sequences through conversions. The 
reference circuitry must have a low enough 
output impedance to drive the requisite current 
without changing its output voltage significantly. 

As the analog input signal varies, the switching 
sequence of the internal capacitor array changes. 
The current load on the external reference 
circuitry thus varies in response with the analog 
input. Therefore, the external reference must not 
exhibit significant peaking in its output 
impedance characteristic at signal frequencies or 
their harmonics. 

A large capacitor connected between VREF and 
AGND can provide sufficiently low output 
impedance at the high end of the frequency 
spectrum, while almost all precision references 
exhibit extremely low output impedance at dc. 
The presence of large capacitors on the output of 
some voltage references, however, may cause 
peaking in the output impedance at intermediate 
frequencies. Care should be exercised to ensure 
that significant peaking does not exist or that 
some form of compensation is provided to 
eliminate the effect. 

The magnitude of the current load on the 
external reference circuitry will scale to the 
master clock frequency. At full speed (4MHz 
clock), the reference must supply a maximum 
load current of lO^A peak-to-peak (l[xA typical). 
An output impedance of AH will therefore yield 
a maximum error of 40jJV. With a 4.5V reference 
and LSB size of 276pV, this would insure better 
than 1/4 LSB accuracy. A 2.2 ^ capacitor 
exhibits an impedance of less than AQ, at 
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frequencies greater than 5kHz, and voltage 
references with dc output impedances less than 
an ohm are readily available. A high-quality 
tantalum capacitor in parallel with a smaller 
ceramic capacitor is recommended. 

Peaking in the reference's output impedance can 
occur because of capacitive loading at its output. 
Any peaking that might occur can be reduced by 
placing a small resistor in series with the 
capacitors (Figure 10). The equation in Figure 10 
can be used to help calculate the optimum value 
of R for a particular reference. The term "fpeak" 
is the frequency of the peak in the output 
impedance of the reference before the resistor is 
added. 

The CSZ5114 can operate with a wide range of 
reference voltages, but signal-to-noise 
performance is maximized by using as wide a 
signal range as possible. The recommended 
reference voltage is 4.5 volts. The CSZ5114 can 
actually accept reference voltages up to the 
positive analog supply. However, the buffer's 
offset may increase as the reference voltage 
approaches VA+ thereby increasing external 
drive requirements at VREF. A 4.5V reference is 
the maximum reference voltage reconmiended. 
This allows 0.5V headroom for the internal 
reference buffer. Also, the buffer enlists the aid 
of an external 0.1 foF ceramic capacitor which 
must be tied between its output, REFBUF, and 
the negative analog supply, VA-. For more 
information on references, consult "Application 
Note: Voltage References for the CS501X- 
CSZ511X Series of AID Converters''. 

Analog Input Connection 

The analog input terminal functions similarly to 
the VREF input after each conversion when 
switching into the track mode. During the first 
six master clock cycles in the track mode, the 
buffered version of the analog input is used for 
pre-charging the capacitor array. An additional 
period is required for fine-charging directly from 



AIN to obtain the specified accuracy. Figure 11 
exemplifies this operation. During pre-charge the 
charge on the capacitor array first settles to the 
buffered version of the analog input. This 
voltage is offset from the actual input voltage. 
During fine-charge, the charge then settles to the 
accurate unbuffered version. 




1.0 1.5 

Acquisition Tl nie(M ) 
(Delay from EOC) 



Figure 11. Internal Acquisition Time 



The acquisition time of the CSZ5114 depends on 
the master clock frequency. This is due to a fixed 
pre-charge period. For instance, operating the 
-14 version with an external 4MHz master clock 
results in a 3.75m,s acquisition time: 1.5|is for 
pre-charging (6 clock cycles) and 2.25|xs for 
fine-charging. Fine-charge settling is specified as 
a maximum of 2.25m.s for an analog source 
impedance of less than 200Q. 

In addition, the comparator requires a source 
impedance of less than 400Q around 2MHz for 
stability, which is met by practically all bipolar 
op amps. Large dc source impedances can be 
accommodated by adding capacitance from AIN 
to ground (typically 200pF) to decrease source 
impedance at high frequencies. However, high 
dc source resistances will increase the input's RC 
time constant and extend the necessary acquisi- 
tion time. 

The CSZ5114 can track full power signals up to 
28kHz in the track mode. During the first six 
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clock cycles following a conversion, the 
CSZ5114 is capable of slewing at 5V/[xs in 
unipolar mode. In bipolar mode, only half the 
capacitor array is connected to the analog input 
so the CSZ5114 can slew at lOV/^is. After the 
first six master clock cycles, it will slew at 
0.25V/|xs in the unipolar mode and 0.5V/|xs in 
bipolar mode. Acquisition of fast slewing signals 
(step functions) can be hastened if the step 
occurs during or immediately following the 
conversion cycle. For instance, channel selection 
in multiplexed applications should occur while 
the CSZ5114 is converting (see Figure 12). 
Multiplexer settling is thereby removed from the 
overall throughput equation, and the CSZ5114 
can convert at full speed. 

Analog Input Range/Coding Format 

The reference voltage directly defines the input 
voltage range in both the unipolar and bipolar 
configurations. In the unipolar configuration 
(BP/UP low), the first code transition occurs 0.5 
LSB above AGND, and the final code transition 
occurs 1.5 LSB's below VREF. Coding is in 
straight binary format. In the bipolar configura- 
tion (BP/UP high), the first code transition 
occurs 0.5 LSB above -VREF and the 
last transition occurs 1.5 LSB's below 
+VREF. Coding is in an offset-binary format. 



Positive full scale gives a digital output of 
UllllllllllU, and negative full scale gives a 
digital output of 00000000000000. 

Grounding and Power Supply Decoupling 

The CSZ5114 uses the analog ground 
connection, AGND, only as a reference voltage. 
No dc power currents flow through the AGND 
connection, and it is completely independent of 
DGND. However, any noise riding on the 
AGND input relative to the system's analog 
ground will induce conversion errors. Therefore, 
both the analog input and reference voltage 
should be referred to the AGND pin, which 
should be used as the entire system's analog 
ground. The digital and analog supplies are 
isolated within the CSZ5114 and are pinned out 
separately to minimize coupling between the 
analog and digital sections of the chip. All four 
supplies should be decoupled to their respective 
grounds using O.ljiF ceramic capacitors. If 
significant low-frequency noise is present on the 
supplies, l^F tantalum capacitors are recom- 
mended in parallel with the 0. IjoF capacitors. 

The positive digital power supply of the CSZ5114 
must never exceed the positive analog supply by 
more than a diode drop or the CSZ5114 could 
experience permanent damage. If the two 
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supplies are derived from separate sources, care 
must be taken that the analog supply comes up 
first at power-up. The system connection 
diagram on page 53 shows a decoupling scheme 
which allows the CSZ5114 to be powered from a 
single set of ± 5V rails. The positive digital 
supply is derived from the analog supply through 
a lOQ resistor to avoid the analog supply 
dropping below the digital supply. If this scheme 
is utilized, care must be taken to insure that any 
digital load currents (which flow through the 
10^ resistors) do not cause the magnitude of 
digital supplies to drop below the analog 
supplies by more than 0.5 volts. Digital supplies 
must always remain above the minimum 
specification. 

As with any high-precision A/D converter, the 
CSZ5114 requires careful attention to grounding 
and layout arrangements. However, no unique 
layout issues must be addressed to properly 
apply the CSZ5114. The CDB5114 evaluation 
board is available for the CSZ5114, which 
avoids the need to design, build, and debug a 
high-precision PC board to initially characterize 
the part. The board comes with a socketed 
CS2^114, and can be quickly reconfigured to 
simulate any combination of sampling, 
calibration, master clock, and analog input range 
conditions. 



FFT Tests and Windowing 

In the factory, the CSZ5114 is tested using Fast 
Fourier Transform (FFT) techniques to analyze 
the converter's dynamic performance. A pure 
sinewave is applied to the CSZ5114, and a "time 
record" of 1024 samples is captured and 
processed. The FFT algorithm analyzes the 
spectral content of the digital waveform and 
distributes its energy among 512 "frequency 
bins." Assuming an ideal sinewave, distribution 
of energy in bins outside of the fundamental and 
dc can only be due to quantization effects and 
errors in the CSZ5 114. 

If sampling is not synchronized to the input 
sinewave, it is highly unlikely that the time 
record will contain an integer number of periods 
of the input signal. However, the FFT assumes 
that the signal is periodic, and will calculate the 
spectrum of a signal that appears to have large 
discontinuities, thereby yielding a severely 
distorted spectrum. To avoid this problem, the 
time record is multiplied by a window function 
prior to performing the FFT. The window func- 
tion smoothly forces the endpoints of the time 
record to zero, thereby removing the discon- 
tinuities. The effect of the window in the 
frequency-domain is to convolute the spectrum 
of the window with that of the actual input. 




CSZ5114 PERFORMANCE 

The CSZ5114 offers 100% tested dynamic 
performance. Due to the broad range of operat- 
ing conditions and performance requirements in 
signal processing applications, the following 
section is included to illustrate the CSZ5114's 
error sources and their effect on a signal's 
spectral content. 
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Figure 13. FFT Plot of Ideal 14-bit Signal 
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The quality of the window used for harmonic 
analysis is typically judged by its highest side- 
lobe level. The Blackman-Harris window used 
for testing the CSZ5114 has a maximum side- 
lobe level of -92dB. Figure 13 shows an FFT 
computed from an ideal 14-bit sinewave 
multiplied by a Blackman-Harris window. 
Artifacts of windowing are discarded from the 
signal-to-noise calculation using the assumption 
that all noise sources are white. All FFT plots in 
this data sheet were derived by averaging the 
FFT results from ten time records. This filters the 
spectral variability that can arise from capturing 
finite time records without disturbing the total 
energy outside the fundamental. All harmonics 
and the -92dB side-lobes from the Blackman- 
Harris window are therefore clearly visible in the 
plots. For more information on FFT's and 
windowing refer to: F.J. HARRIS, "On the use of 
windows for harmonic analysis with the Discrete 
Fourier Transform", Proc. EEEE, Vol. 66, No. 1, 
Jan 1978, pp.51-83. 

Nonlinearity 

Analog-to-digital converters have traditionally 
been specified using dc specifications such as 
Integral and Differential Nonlinearity at worst- 
case points on the transfer curve. These 
specifications are not particularly useful in signal 
processing applications since they offer little in- 
formation on the overall shape of converter's 
transfer curve, and therefore do not directly 
correlate to the converter's effect on a signal's 
spectral content. 

Integral Nonlinearity (INL; also termed Relative 
Accuracy or just Nonlinearity) is defined as the 
deviation of the transfer function from an ideal 
straight line. Bows and waves in the transfer 
curve generate harmonic distortion. However, 
the most prevalent source of nonlinearity in 
high-resolution converters is bit-weight errors; 
that is, the deviation of bits from their ideal 
binary-weighted ratios. At dc, bit-weight errors 
most visibly affect the converter's Differential 



Nonlinearity, or the deviation of codes from their 
ideal widths. Due to the limitations of factory 
trim techniques, the worst-case condition of bit- 
weight errors has traditionally also defined the 
point of maximum INL. 

Bit-weight errors have a drastic effect on a 
converter's ac performance. They can be 
analyzed as step functions superimposed on the 
input signal. Since bits (and their errors) switch 
in and out throughout the transfer curve, their 
effect is signal dependent. That is, harmonic and 
intermodulation distortion, as well as noise, can 
vary with different input conditions. Designing a 
system around characterization data is risky 
since transfer curves can differ drastically unit- 
to-unit and lot-to-lot. 

The CSZ5114 achieves repeatable signal-to- 
noise and harmonic distortion performance 
using an on-chip self-calibration scheme. The 
CSZ5114 calibrates its bit weights to ± 1/16 LSB 
at 14-bits (± 0.0004% FS) yielding peak distor- 
tion as low as -lOOdB (see Figure 14). Unlike 
traditional ADC's, the linearity of the CSZ5114 
is not limited by bit-weight errors; its perfor- 
mance is therefore extremely repeatable and 
independent of input signal conditions. 
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Sampling Distortion 

The ultimate limitation on the CSZ5114's 
linearity (and distortion) arises from nonideal 
sampling of the analog input voltage. The 
calibrated capacitor array used during conver- 
sions is also used to track and hold the analog 
input signal. The conversion is not performed on 
the analog input voltage per se, but is actually 
performed on the charge trapped on the capacitor 
array at the moment the HOLD command is 
given. The charge on the array is ideally related 
to the analog input voltage by Qin = -Vin x Ctot 
as shown in Figure 2. Any deviation from this 



ideal relationship will result in conversion 
errors even if the conversion process proceeds 
flawlessly. 

At dc, the DAC capacitor array's voltage coeffi- 
cient dictates the converter's linearity. This 
variation in capacitance with respect to applied 
signal voltage yields a nonlinear relationship 
between charge Qin and the analog input voltage 
Vin and places a bow or wave in the transfer 
function. This is the dominant source of distor- 
tion at low input frequencies (Figure 14). 

The ideal relationship between Qin and Vin can 
also be distorted at high signal frequencies due to 
nonlinearities in the internal MOS switches. 
Dynamic signals cause ac current to flow 
through the switches connecting the capacitor 
array to the analog input pin in the track mode. 
Nonlinear on-resistance in the switches causes a 
nonlinear voltage drop. This effect worsens with 
increased signal frequency as shown in Figure 15 
since the magnitude of the steady state current 
increases. First noticeable at IkHz, this distortion 
assumes a linear relationship with input frequen- 
cy. With signals 20dB or more below full-scale, 
it no longer dominates the converter's overall 
S/(N+D) performance (Figure 16). 




OdB 

-20dB 

-40dB 

Signal -SOdB 
Amplitude 

Relative to ^^^„ 

Full Scale -80dB 

-lOOdB 

-120dB 









Sampling Rate: 56 kHz 

Full <5rfllo- QV n-n 




S/(N+D):81.5dB 


























• l"-[ 


mgi^ 



12 kHz - 



OdB 

-20dB 

-40dB 

Signal -60dB 
Amplitude 

Relative to „^^„ 

Full Scale -80dB 

-lOOdB 

-120dB 





Sampling Rate: 56 kHz 

Cull C/<oIa> Q\/ r\ « 




S/(N+D): 64.6 dB 






























iMllltMl 


liiiliiiiti 



Input Frequency 



12 kHz — f 

Input Frequency 



28 kHz - 



Figure 16. FFT Plots of 12kHz Signals at Full-Scale and 20dB Below Full-Scale 



DS25F3 



7-49 



CSZ5114 



OdB 
-20dB 
-40dB 



Signal -60dB 
Amplitude 

Relative to „^ .„ 

Full Scale "SOdB 



-lOOdB 
-120dB 



Sampling Rate: 56 kHz 
Full Scale: 9V p-p 
S/(N+D): 24.1 dB 



iBtriiitiiiliifa 



dc 



-1kHz 



28 kHz - 



Input Frequency 



Figure 17. FFT plot of IkHz Signal 
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± 1/2 LSB, but any value within this range has 
equal probability of occurrence. Such a 
probability distribution leads to an error "signal" 
with an rms value of 1 LSB/VT2. Using an rms 
signal value of FS/V8 (amplitude = FS/2), this re- 
lates to an ideal 14-bit signal-to-noise ratio of 
86dB. 

Equally important is the spectral content of this 
error signal. It can be shown to be approximately 
white, with its energy spread uniformly over the 
band from dc to one-half the sampling rate. 
Advantage of this characteristic can be made by 
judicious use of filtering. If the signal is 
bandlimited, much of the quantization error can 
be filtered out using DSP techniques, and 
improved system performance can be attained. 



This distortion is strictly an ac sampling 
phenomenon. If significant energy exists at high 
frequencies, the effect can be eliminated using an 
external track-and-hold amplifier to create an 
effective dc input. Delaying the HOLD signal to 
the CSZ3114 slightly from the sampling signal 
to the trackand-hold amplifier will allow the 
array's charge current to decay, thereby eliminat- 
ing any voltage drop across the switches. Since 
the CSZ5114 has a second sampling function on- 
chip, the external track-and-hold can return to 
the track mode once the converter's HOLD input 
falls. It need only acquire the analog input by the 
time the entire conversion cycle finishes. 

Quantization Noise 



As illustrated in Figures 15 and 17, the 
CSZ5114's on-chip self-calibration provides 
very accurate bit weights which yield no 
degradation in quantization noise with low-level 
input signals. 

Clock Feedthrough 

Maintaining the integrity of analog signals in the 
presence of digital switching noise is a difficult 
problem. The CSZ3114 can be synchronized to 
the digital system using the CLKIN input to 
avoid conversion errors due to asynchronous 
interference. However, digital interference will 
still affect sampling purity due to coupling be- 
tween the CSZ5114's analog input and master 
clock. 



The error due to quantization of the analog input 
ultimately dictates the accuracy of any A/D 
converter. The continuous analog input must be 
represented by one of a finite number of digital 
codes, so the best accuracy to which an analog 
input can be known from its digital code is 
±1/2 LSB. Under circumstances commonly 
encountered in signal processing applications, 
this quantization error can be treated as a random 
variable. The magnitude of the error is limited to 



The effect of clock feedthrough depends on the 
sampling conditions. If the sampling signal at the 
HOLD input is synchronized to the master clock, 
clock feedthrough will appear as a dc offset at 
the CSZ5114's output. The offset could theoreti- 
cally reach the peak coupling magnitude 
(Figure 18), but the probability of this occurring 
is small since the peaks are spikes of short 
duration. 
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If sampling is performed asynchronously with 
the master clock, clock feedthrough will appear 
as an ac error at the CSZ5114's output. With a 
fixed sampling rate, a tone will appear as the 
clock frequency aliases into the baseband. The 
tone frequency can be calculated using the 
equation below and could be selectively filtered 
in software using DSP techniques. 



^one= <Nfs- fclk> 
where N=fjjj|^/fg rounded to the nearest integer 



reduction in feedthrough. Therefore, when 
operating the CSZ5114 with high-frequency 
external master clocks, it is important to mini- 
mize source impedance applied to the 
CSZ5114's input. 

Also, the overall effect of clock feedthrough can 
be minimized by maximizing the input range and 
LSB size. The reference voltage applied to 
VREF can be maximized, and the CSZ5 1 14 can 
be operated in bipolar mode which inherently 
doubles the LSB size over the unipolar mode. 



The magnitude of clock feedthrough depends on 
the master clock conditions and the source 
impedance applied to the analog input. 
When operating with the CSZ5114's internally 
generated clock, the CLKIN input is grounded 
and the dominant source of coupling is through 
the device's substrate. As shown in Figure 18, a 
typical CSZ5114 operating with its internal 
oscillator at 2MHz and 50Q of analog input 
source impedance will exhibit only 15|JV rms 
(-116dB with a 9V p-p full-scale) of clock 
feedthrough. However, if a 2MHz external clock 
is applied to CLKIN under the same conditions, 
feedthrough increases to 25|jV rms (-llldB). 
Feedthrough also increases with clock frequen- 
cy; a 4MHz clock yields 40jJV rms (-107dB). 
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Figure 18, Examples of Measured Clock Feedtlirougli 



Clock feedthrough can be reduced by limiting 
the source impedance applied at the analog 
input. As shown in Figure 18, reducing source 
impedance from 50Q to 25Q. yields a 15|jV rms 



Aperture Jitter 

Track-and-hold amplifiers commonly exhibit 
two types of aperture jitter. The first, more 
appropriately termed "aperture window", is an 
input voltage dependent variation in the aperture 
delay. Its signal-dependancy causes distortion at 
high frequencies. The CSZ5114's proprietary 
architecture avoids applying the input voltage 
across a sampling switch, thus avoiding any 
"aperture window" effects. The second type of 
aperture jitter assumes a random nature and 
appears in an FFT as a spreading in the 
fundamental. With only lOOps peak-to-peak 
aperture jitter, the CSZ5114 can process full- 
scale signals up to 96kHz with 14-bit accuracy. 

Power Supply Rejection 

The CSZ5114's power supply rejection 
performance is enhanced by the on-chip self- 
calibration and an "auto-zero" process. Drifts in 
power supply voltages at frequencies less than 
the calibration rate have negligible effect on the 
CSZ5114's accuracy. This, of course, is because 
the CSZ5114 adjusts its offset to within a small 
fraction of an LSB during calibration. Above the 
calibration frequency the excellent power supply 
rejection of the internal amplifiers is augmented 
by an auto-zero process. Any offsets are stored 
on the capacitor array and are effectively 
subtracted once conversion is initiated. Figure 19 
shows power supply rejection of the CSZ5114 in 
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Figure 19. Power Supply Rejection 



the bipolar mode with the analog input grounded 
and a 300mV p-p ripple applied to each supply. 
Power supply rejection improves by 6dB in the 
unipolar mode. 

Notches of increased rejection arise from the 
auto-zeroing at the conversion rate. The frequen- 
cies at which these notches occur also depend on 
the value of the captured analog input. The line 
shows worst-case rejection for all combinations 
of conversion rates and input conditions in the 
bipolar mode. Again, power supply rejection is 
6dB better in the unipolar mode. 
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Hold and Start Convert 


X 





1 


X 


X 


* 





Initiate Burst Calibration 


1 








X 


X 


* 





Stop Burst Cal and Begin Track 


X 





X 





X 


* 





Initiate Interleave Calibration 


X 





X 


1 


X 


* 





Terminate Interleave Cal 


X 





X 


X 





1 





Read Output Data 


1 





X 


X 











Read Status Register 


X 


1 


X 


X 


X 


* 


X 


High Impedance Data Bus 


X 


X 


X 


X 


1 


* 


X 


High Impedance Data Bus 


X 


X 


X 


X 


X 


X 


1 


Reset 








X 


X 


X 





X 


Reset 



* The status of AO is not critical to the q)eration specified. However, AO should not be low with CS and HOLD low, or a software 
reset will result. 



CSZ5114 Truth Table 



+5V 

Analog o- 
Supply 



Analog 
Signal 
Source 



Signal 
Conditioning 



26. 



/ 



♦ VREF 
or 
+VREF 



Voltage 
Reference 



-hi O.OlluF 
!.2|uF I 



28. 



V 



0.1 



uF 



-5V 

Analog 

Supply 



27 



29 
O.lluF 



25 



ion 

-AAAr- 



VA+ 



\n_ 

VD+ 
BW 
BP/UP 



CLKIN 



CSZ5114 



AIN 



SDATA 
SCLK 

D0-D15 

EOC 

EOT 

HOLD 

CAL 



VREF 

AGND 

REFBUF 
VA- 



30" 



INTRLV 
CS 
RD 
AO 

RESET 

TST 

DGND 
VD- 



10 n 
-AAAr- 



"56 



33 



24 



0.1 



uF 



Mode 
Select 



20 



Clock 
Source 
(optional) 




40 



39 



§©fiai 

Data 
Interface 
(optional) 



8 or 16 



Data 
Processor 



38 



37 



35 



34 



21 



72 



23 



Control 
Logic 



*1 

May 
mien 
ordii 

J 



May be 
microprocessor 
or discrete logic. 



32 



Reset 
Generator 



O.lluF 

J- 



j_ 



System Connection Diagram 



DS25F3 



7-53 



PIN DESCRIPTIONS 



CSZ5114 



HOLD 

DATA BUS BIT 

DATA BUS BIT 1 

DATA BUS BIT 2 

DATA BUS BIT 3 

DATA BUS BIT 4 

DATA BUS BIT 5 

DATA BUS BIT 6 

DATA BUS BIT 7 

DIGITAL GROUND 

POSITIVE DIGITAL POWER 

DATA BUS BIT 8 

DATA BUS BIT 9 

DATA BUS BIT 10 

DATA BUS BIT 11 

DATA BUS BIT 12 

DATA BUS BIT 13 

DATA BUS BIT 14 

DATA BUS BIT 15 

CLOCK INPUT 



HOLD 

DO 

D1 

D2 

03 

D4 

D5 

D6 

D7 

DGND 

VD+ 

D8 

09 

01 

011 

012 

013 

014 

015 

CLKIN 



CSZ5114 



[2 

[3 

[4 

[5 

[6 

[7 

[8 

[9 

[10 

[11 

[12 

[13 

[14 

[15 

[16 

[17 

[18 

[19 

[20 



SOMA 
] SCLK 
] EOC 

EOT 
] VO- 
] GAL 
] INTRLV 

BW 
] RSI 

TBI 
] VA- 

REFBUF 

VREF 

AGNO 

AIM 

VA+_ 

BP/UP 
] AO 

RD 

OS 



SERIAL OUTPUT 

SERIAL CLOCK 

END OF CONVERSION 

END OF TRACK 

NEGATIVE DIGITAL POWER 

CALIBRATE 

INTERLEAVE 

BUS WIDTH SELECT 

RESET 

TEST 

NEGATIVE ANALOG POWER 

REFERENCE BUFFER OUTPUT 

VOLTAGE REFERENCE 

ANALOG GROUND 

ANALOG INPUT 

POSITIVE ANALOG POWER 

BIPOLAR/UNIPOLAR SELECT 

READ ADDRESS 

READ 

CHIP SELECT 



Power Supply Connections 

VD+ - Positive Digital Power, PIN 11. 

Positive digital power supply. Nominally +5 volts. 

VD- - Negative Digital Power, PIN 36. 

Negative digital power supply. Nominally -5 volts. 

DGND . Digital Ground, PIN 10. 

Digital ground reference. 

VA+ - Positive Analog Power, PIN 25. 

Positive analog power supply. Nominally +5 volts. 

VA- - Negative Analog Power, PIN 30. 

Negative analog power supply. Nominally -5 volts. 

AGND - Analog Ground, PIN 27. 

Analog ground reference. 
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Oscillator 



CLKIN - Clock Input, PIN 20. 

All conversions and calibrations are timed from a master clock which can either be supplied by 
driving this pin with an external clock signal, or can be internally generated by tying this pin to 
DGND. 



Digital Inputs 

HOLD - Hold, PIN 1. 

A falling transition on this pin sets the CSZ5114 to the hold state and initiates a conversion. 
This input must remain low at least one master clock cycle plus 50ns. 

CS- Chip Select, PIN 21. 

When high, the data bus outputs are held in a high impedance state and the inputs to CAL and 
INTKLV are ignored. A falling transition initiates or terminates burst or interleave calibration 
(dependin g on the status of CAL and INTRLV) and a rising transition latches both the CAL and 
INTRLV inputs. If RD is low, the data bus is driven as indicated by B W and AO. 

RD-Read,Pm22. 

When RD and CS are both low, data is driven onto the data bus. If either signal is high, the data 
bus outputs are held in a high impedance state. The data driven onto the bus is determined by 
BWandAO. 

AO - Read Address, PIN 23. 

Determines whether data or status information is placed onto the data bus. When high during 
the read operation, converted data is placed onto the data bus; when low, the status register is 
driven onto the bus. 

BP/UP . Bipolar/Unipolar Input Select, PIN 24. 

When high, the device is configured with a bipolar transfer function ranging from -VREF to 
+VREF. Encoding is in an offset binary format, with the mid-scale code 100...0000 centered at 
AGND. When low, the device is configured for a unipolar transfer function from AGND to 
VREF. 

RST- Reset, PIN 32. 

When taken high, all internal digital logic is reset. Upon returing low, a full calibration 
sequence is initiated. 
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BW - Bus Width Select, PIN 33. 

When high, all 14 data bits are driven onto the bus simultaneously during a data read cycle. 
When low, the bus is in a byte wide format. On the first read following a conversion, the eight 
MSB's are driven onto D7-D0. A second read cycle places the six LSB's with two trailing 
zeroes on D7-D0. Subsequent reads will toggle the higher/lower order bytes of the same data 
until the next conversion completes. Regardless of BW's status, a read cycle with AO low yields 
the status information on D7-D0. 



INTRLV - Interleave, PIN 34. 

When latched low using CS, the device goes into interleave calibration mode. A full calibration 
will complete every 72,192 conversions. The effective conversion time extends by 20 clock 
cycles. 

CAL - Calibrate, PIN 35. (See note on page 59.) 

When latched high using CS, burst calibration results. The device cannot perform conversions 
during the calibration period which will terminate only once CAL is latched low again. 
Calibration picks up where the previous calibration left off, and calibration cycles complete 
every 1,443,840 master clock cycles. If the device is converting when a calibration is signaled, 
it will wait until that conversion completes before beginning calibration. 



Analog Inputs 

AJN - Analog Input, PIN 26. 

Input range in the unipolar mode is zero volts to VREF. Input range in bipolar mode is - VREF 
to +VREF. The output impedance of buffer driving this input should be less than or equal to 
200Q. 

VREF . Voltage Reference, PIN 28. 

The analog reference voltage which sets the analog input range. It represents positive full scale 
for both bipolar and unipolar operation, and its magnitude sets negative full scale in bipolar 
mode. 



Digital Outputs 

DO through D15 - Data Bus Outputs, PINS2 thru 9, 12 thru 19. 

Tri-state output pins. Enabled by CS and RD, they offer the converter's 14-bit output in a 
format consistent with the state of BW if AO is high. If AO is low, bits D0-D7 offer the status 
register. 

EOT - End Of Track, PIN 37. 

If low, indicates that enough time has elapsed since the last conversion for the device to acquire 
the analog input signal (3.75^-8 for 4MHz external clock). 
«— DS25F3 
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EOC . End Of Conversion, PIN 38. 

This output indicates the end of a conversion or reset calibration cycle. It is high during a 
conversion and will fall to a low state upon completion of the conversion cycle indicating valid 
data is available at the output. Returns high on the first subsequent read or the start of a new 
conversion cycle. 

SDATA - Serial Output, PIN 40. 

Presents each output data bit after it is determined by the successive approximation algorithm. 
VaUd on the rising edge of SCLK, data appears MSB first, LSB last, and each bit remains valid 
until the next bit appears. 

SCLK - Serial Clock Output, PIN 39. 

Used to clock converted output data serially from the CSZ5114. Serial data is stable on the 
rising edge of SCLK. 



Analog Outputs 

REFBUF -Reference Buffer Output, PIN 29. 

Reference buffer output A O.l^iF ceramic capacitor must be tied between this pin and VA- 



Miscellaneous 

TST- Test, PIN 3L 

Allows access to the CSZ5114's test functions which are reserved for factory use. Must be tied 
toDGND. 
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ERROR DEFINITIONS 

Peak Harmonic or Spurious Noise (More accurately, Signal to Peak Harmoninc or Spurious Noise) - 
The ratio of the rms value of the signal to the rms value of the next largest spectral component 
below the Nyquist rate (excepting dc). This component is often an aliased harmonic when the 
signal frequency is a significant proportion of the sampling rate. Expressed in decibels. 

Total Harmonic Distortion - The ratio of the rms sum of all harmonics to the rms value of the signal. 
Units in percent. 

Signal-to-Noise Ratio - Ratio of the rms value of the signal to the rms sum of all other spectral 
components below the Nyquist rate (excepting dc), including distortion components. Expressed 
in decibels. 

Full Scale Error - The deviation of the last code transition from the ideal (VREF-3/2 LSB's) after all 
offsets have been externally compensated. Units in LSB's. 

Unipolar Offset - The deviation of the first code transition from the ideal (1/2 LSB above AGND) 
when in unipolar mode (BP/UP low). Units in LSB's. 

Bipolar Offset - The deviation of the mid-scale transition (011...111 to 100...000) from the ideal 
(1/2 LSB below AGND) when in bipolar mode (BP/UF high). Units in LSB's. 

Bipolar Zero - The deviation of the first code transition from the ideal (1/2 LSB above -VREF) when 
in bipolar mode (BP/UP high). Units in LSB's. 

Aperture Time - The time required after the hold command for the sampling switch to open fully. 
Effectively a sampling delay which can be nulled by advancing the sampling signal. Units in 
nanoseconds. 

Aperture Jitter - The range of variation in the aperture time. Effectively the "sampling window" 
which ultimately dictates the maximum input signal slew rate acceptable for a given accuracy. 
Units in picoseconds. 



Note: Temperatures specified define ambient conditions in free-air during test and do not refer to the 
junction temperature of the device. 

fii DS25F3 



SmSSS^SSS^ 




CSZ5114 


Ordering Guide 

CSZ5114-KP28 
CSZ5114-KP14 
CSZ5114-BC28 
CSZ5114-BC14 
CSZ5114-TC14 


Throughput 

30 kHz 
56 kHz 
30 kHz 
56 kHz 
56 kHz 


T^mp Rangfi 

to 70 °C 

0to70°C 

-40 to +85 X 

-40 to +85 X 

-55 to +125 °C 


Pgpkjigg 

40-Pin Plastic Dip 

40-Pin Plastic Dip 

40-Pin Ceramic Side-Brazed Dip 

40-Pin Ceramic Side-Brazed DIP 

40-Pin Ceramic Side-Brazed DIP 



ADDENDUM 

Burst Calibration 

Burst calibration mode allows control of partial calibration cycles. Due to an unforeseen condition 
inside the part, asynchronous termination of calibration (CAL brought low) may result in a sub-optimal 
calibration result. It is recommended that burst calibration is not used, until the silicon is revised to 
prevent this effect. 

The reset and interleave mode work perfectly, and should be used instead of burst mode. The 
CSZ5114's very low drift over temperature means that, under most circumstances, calibration need 
only be performed at power-up, using reset. 

If you wish to use burst calibration, then please contact the factory for advice and new part availability 
information. 
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Semiconductor Corporation 



CSZ5116 



16' Bit, 50kHz Sampling A/D Converter 



Features 

• Monolithic CMOS A/D Converter 

Inherent Sampling Architecture 
3-State Output Buffers 
Microprocessor Interface 

• Sampling Rates up to 50kHz 

• Ultra-Low Distortion 

Total Harmonic Distortion: 0.001% 
Peak Harmonic or Noise: - 1 04dB 

• Low Power Dissipation: 120mW 

• Pin Compatible with CSZ51 12/CSZ51 14 



General Description 

The CSZ5116 CMOS analog-to-digital converter is an 
ideal front-end for single- or multi-channel digital signal 
processing systems. It needs no extemal sample/hold 
amplifier at its input to convert ac signals - the sampling 
function is inherent to its charge redistribution design. 

Using a standard successive-approximation algorithm, 
the CSZ5116 sequences through a 16-bit conversion in 
16.25 microseconds. With 3.75 microseconds needed 
between conversions for acquisition, the CSZ51 16 can 
support throughput rates up to 50kHz. It is therefore ideal 
for processing audioband signals. 

The CSZ51 16 features an on-chip self-calibration scheme 
which calibrates its bit weights to true 16-blt accuracy. This 
Insures low distortion and maintains good signal-to-noise 
performance with low-level signals. 

ORDERING INFORMATION: Page89 



REFBUF 
VREF 



HOLD CS RD AO BP/UP RST BW INTRLV CAL EOT ECX: SCLK SDATA 

in g ?— C p— 



^\1 ]21|22|23 T24 pi: 



CLOCK 
GENERATOR 



> 



I 



CAUBRATTON 
MEMORY 



lORY m r* 



MICROCONTROLLER 



^o 



16 BIT CHARGE 
REDISTRIBUTION 
DAC 




COMPARATOR 



STATUS REGISTER 





S-tO'Z Converter 
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ANALOG CHARACTERISTICS 

(Ta = 25°C; VA+,VD+ = 5V; VA-, VD- = -5V; VREF = 4.5V; 

Full-scale Input Sinewave, 1kHz; fcik - 4MHz for -16, 2MHz for -32; fs = 50kHz for -16, 25kHz for -32; 

Bipolar Mocle ; Analog Source Impedance = 200a unless othenwise specified) 



Parameter* 


CSZ5116-J,K,L 
min typ max 


CSZ5116-A,B,C 
min typ max 


CSZ5116-S,T,U 
min typ max 


Units 


Specified Temperature Range 


0to70 


-40 to 85 


-55 to 125 


''C 


Dynamic Performance 


Peak Harmonic or Spurious Noise 

■J.A,S 

1kHz Input -K,B,T 

Tmin^Tn^ax -L.C.U 

(Notel) ^A.S 

12kHz Input -K,B,T 

-L,C.U 


92 94 
96 100 
100 104 

82 84 
85 88 
85 91 


92 94 
96 100 
100 104 

82 84 
85 88 
85 91 


92 94 
96 100 
100 104 

82 84 
85 88 
85 91 


dB 
dB 
dB 

dB 
dB 
dB 


Total Harmonic Distortion 

J,A,S 
-K,B,T 
-L.C,U 


0.004 
0.002 
0.001 


0.004 
0.002 
0.001 


0.004 
0.002 
0.001 


% 
% 
% 


Signal-to-Noise Ratio 

^.A,S 

OdB Input -K,B.T 

Tminto^rnax -UC.U 

-J.A.S 

-60dB Input -K,B,T 

(Note 2) -L.C,U 


84 87 
87 90 
90 92 

27 
30 
32 


84 87 
87 90 
90 92 

27 
30 
32 


84 87 
87 90 
90 92 

27 
30 
32 


dB 
dB 
dB 

dB 
dB 
dB 


dc Accuracy 


Differential Linearity (Note 3) 


16 


16 


16 


Bits 


Full Scale Error T^in^^'^max 


±2 


±2 


±2 


LSB 


Unipolar Offset "''mln ^° "^max 


±1 


±1 


±1 


LSB 


Bipolar Offset T^j^toT^^^ 


±1 


±1 


±1 


LSB 


Bipolar Zero Error T^^^toT^g^ 


±2 


±2 


±2 


LSB 



Notes: 1 . All Tmin to Tmax specifications apply after calibration at the temperature of interest. 

2. A detailed plot of S/(N+D) vs. input amplitude appears on page 79. 

3. Minimum resolution for which no missing codes is guaranteed. 

* Refer to Error Definitions on page 88. 



Specifications are subject to change without notice. 
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ANALOG CHARACTERISTICS (Continued) 



Parameter 


CSZ5116-J,K,L 
min typ max 


CSZ5116-A,B,C 
min typ max 


CSZ5116-S,T,U 
min typ max 


Units 


Analog Input 


Aperture Time 


25 


25 


25 


ns 


Aperture Jitter 


100 


100 


100 


ps 


Full Power Bandwidth (Note 4) 


25 


25 


25 


kHz 


Input Capacitance Unipolar Mode 
(Note 5) Bipolar Mode 


275 
165 


375 
220 


275 
165 


375 
220 




275 
165 


375 
220 


pF 
pF 


Conversion & Throughput 


Conversion Time -16 
(Notes 6, 7) -32 


16.25 
32.5 


16.25 
32.5 


16.25 
32.5 


us 
us 


Acquisition Time -1 6 
(Note 7) -32 


3.0 
4.5 


3.75 
5.25 


3.0 
4.5 


3.75 
5.25 




3.0 
4.5 


3.75 
5.25 


us 
us 


Throughput -16 
(Note 7) -32 


50 
26.5 


50 
26.5 


50 
26.5 


kHz 
kHz 


Power Supplies 


Power Supply Currents (NoteS) 
lA+ 

•a- 
Id. 
'd- 


9 
-9 

3 
-3 


19 
-19 

6 
-6 


9 

3 
-3 


19 
-19 

6 
-6 




9 
-9 

3 
-3 


19 
-19 

6 
-6 


mA 
mA 
mA 
mA 


Power Dissipation (Note 8) 


120 


250 


120 


250 




120 


250 


mW 


Power Supply Rejection (Note 9) 
Positive Supplies 
Negative Supplies 


84 
84 


84 
84 


84 
84 


dB 
dB 




Notes: 4. Refer to tlie Analog Input section on page 75 for a discussion of input slew capabilities. 

5. Applies only In tlie track mode. When converting or calibrating, 
input capacitance will not exceed 1 5pF. 

6. Measured from falling transition on HOLD to falling transition on EOC. 

7. Conversion, acquisition, and throughput times depend on the master clock, sampling, and calibration 
conditions. The numbers shown assume sampling and conversion Is synchronized with the 
CSZ51 16's conversion clock, Interleave calibrate Is disabled, and operation Is from the full-rated 
external clock. A detailed discussion of conversion timing appears on page 69. 

8. All outputs unloaded. All inputs CMOS levels. 

9. With SOOmV p-p, 1kHz ripple applied to each supply separately In the bipolar mode. Rejection 
improves by 6dB in the unipolar mode to 90dB. A plot of typical power supply rejection appears on 
page 82. 
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SWITCHING CHARACTERISTICS (TA = Tmin to Tmax; 

VA+, VD+ = 5V ± 1 0%; VA-, VD- = -5V ± 1 0%; Inputs: Logic = OV, Logic 1 = VD+; Cl = 50pF) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Master Clock Frequency: 

internally Generated: -16 

-32 
Externally Supplied: -16 

-32 


fCLK 


2 

1 


- 


4 
2 


MHz 


Master Clock Duty Cycle 


- 


30 


- 


70 


% 


Rise Times: Any Digital Input 
Any Digital Output 


trise 


- 

- 


20 


1.0 


us 
ns 


Fall Times: Any Digital Input 
Any Digital Output 


^fall 


- 


20 


1.0 


us 
ns 




thpw 


1/fCLK + 50 


- 


tc 


ns 


HOLD Pulse Width 


Conversion Time 


tc 


(Note 10) 


- 


(Note 10) 


us 


Data Delay Time 


tdd 


- 


40 


100 


ns 


EOC Pulse Width (Note 11) 


Upw 


4/fcLK-20 


- 


- 


ns 




tcs 
tas 


20 
20 


10 
10 


- 


ns 


Set Up Times: CAL. INTRLV to CS Low 
AO to CS and RD Low 


Hold Times: 

CS or RD High to AO Invalid 
CS High to CAL, INTRLV Invalid 


tah 
tch 


50 
50 


30 
30 




ns 


Access Times: CS Low to Data Valid 

-J, K, L, A, B, C 
-S. T, U 
RD Low to Data Valid 

^. K, L. A. B. C 
-S. T. U 


tea 
tra 


- 


90 
115 

90 
115 


120 
150 

120 
150 


ns 
ns 


Output Float Delay: ^ ^ ^ a, B. C 
CS or RD High to Output Hi-Z -S. T, U 


tfd 


- 


50 
50 


110 
140 


ns 


Serial Clock Pulse Width Low 
Pulse Width High 


tpwl 

tpwh 


_ 


2/fCLK 
2/fCLK 


: 


ns 


Set Up Times: SDATA to SCLK Rising 


tss 


2/fcLK-''00 


2/fCLK 


- 


ns 


Hold Times: SCLK Rising to SDATA 


tsh 


2/fcLK-100 


2/fCLK 


- 


ns 



Notes: 10. See T able 1 and master clock frequencies above. 

1 1 . EOC remains low 4 master clock cycles if CS and RD are held low. Othen/vlse, It returns high within 
four master clock cycles from the start of a data read operation or a conversion cycle. 
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♦•itrise tfall 

/90% 90iS 

M0% 10% 

Rise and Fall Times 



)%V 



SCLK 



SDATA 



CS" 



RD 



AO 



* Vwl" 



♦— U 



•-Us- 



D0-D15 



CAL, INTRLV 



X 



pwh 

J( i 



-tsh- 



Serial Output Timing 



V 



•- tas-* 



X 



Hi-Z 



X 



-tcs— ♦ 



y 



tah- 



tfd 



^tch 



X 



Read and Calibration Control Timing 



X 




Hi-Z 



HOLD 



-^hpw— ♦ 



/ 



^ //////// 

Output Data 



' epw- 



. — tdd — »{ 



LAST CONVERSION DATA VALID ) ( NEW DATA VALID 

Conversion Timing 



"TTTTZ 
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CSZ5116 


DIGITAL CHARACTERIST 


ICS (Ta « Tmin to Tmax; VA+. VD+ 


= 6V±10% 


; VA-,VD- = -5V±10%) 


Parameter 


Symbol 


MIn 


Typ 


Max 


Units 


High-level Input Voltage 


V|H 


2.0 




- 


V 


Low-Level Input Voltage 


V|L 


- 




0.8 


V 


High-Level Output Vortage (Note 12) 


VOH 


VD+-1.0V 




- 


V 


Low-Level Output Voltage lout«1 .6mA 


Vol 


- 




0.4 


V 


Input Leakage Current 


•in 


- 




10 


uA 


3-State Leakage Current 


•oz 


- 




±10 


uA 


Digital Output Pin Capacitance 


Cout 


- 


9 


- 


PF 



Note: 12. louT = -lOOjiA. This specification guarantees TTL compatibility (VOH = 2.4\/ @ lout = -40nA). 



RECOMMENDED OPERATING CONDITIONS (AGND,dgnd-ov, see Note 13.) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Power Supplies: Positive Digital 
Negative Digital 
Positive Analog 
Negative Analog 


VD+ 
VD- 
VA+ 
VA- 


4.5 
-4.5 

4.5 
-4.5 


5.0 
-5.0 

5.0 
-5.0 


VA+ 

-5.5 

5.5 

-5.5 


V 
V 
V 
V 


Analog Reference Voltage 


VREF 


2.5 


4.5 


VA+ - 0.5 


V 


Analog Input Voltage: Unipolar 
(Note 14) Bipolar 


Vain 
Vain 


AGND 
-VREF 


. 


VREF 
VREF 


V 
V 



Notes: 13. All voltages with respect to ground. 

14. The CSZ51 1 6 can accept input voltages up to the analog supplies (VA+ and VA-). It will produce 
an output of all 1 's for inputs above VREF and all O's for inputs below AGND in unipolar nrK)de 
and -VREF In bipolar mode. 



ABSOLUTE MAXIMUM RATINGS (AGND. dgnd ::: 


OV, all voltages with respect to ground) 


Parameter 


Symbol 


MIn 


Max 


Units 


DC Power Supplies: Positive Digital 
Negative Digital 
Positive Analog 
Negative Analog 


VD+ 
VD- 
VA+ 
VA- 


-0.3 
0.3 

-0.3 
0.3 


VA+ + 0.3 
-6.0 
6.0 
-6.0 


V 
V 
V 
V 


Input Current, Any Pin Except Supplies (Note 15) 


Im 


- 


±10 


mA 


Analog Input Voltage (AIN and VREF pins) 


V,NA 


VA- - 0.3 


VA+ + 0.3 


V 


Digital Input Voltage 


V,ND 


-0.3 


VD+ + 0.3 


V 


Ambient Operating Temperature 


Ta 


-55 


125 


•c 


Storage Temperature 


Ts, 


-65 


150 


•c 



Note: 15. Transient currents of up to 1 00mA will not cause SCR latch-up. 

WARNING: Operation at or beyond these limits may result In permanent damage to the device. 
Normal operation Is not guaranteed at these extremes. 
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THEORY OF OPERATION 

The CSZ15116 utilizes the most popular method 
of executing high-speed, high-resolution A/D 
conversion: successive approximation. As with 
all other iterative comparison methods, the 
analog input is successively compared to the 
output of a D/A converter controlled by the 
conversion algorithm. Successive approximation 
begins by comparing the input to the DAC 
output set to half-scale (MSB on, all other bits 
off). If the input is found to be below half-scale, 
the MSB is reset to zero and the input is 
compared to one-quarter scale (next-MSB on, all 
others off). If the input were above half-scale, 
the MSB would remain high and the next 
comparison would be at three-quarters of full 
scale. This procedure continues until all bits have 
been exercised. 



AINO 




-Qin = Vi„ q^t 
Figure 2a. Tracking Mode 



charge Qin on the comparator side of the 
capacitor array and creates a floating node at the 
comparator's input. The conversion algorithm 
operates on this fixed charge, and the signal at 
the analog input pin is ignored. In effect, the 
entire DAC capacitor array serves as analog 
memory during conversion much like a hold 
capacitor in a sample/hold amplifier. 



The CSZ5116 implements the successive- 
approximation algorithm using a unique charge- 
redistribution architecture. Instead of the 
traditional resistor network, the DAC is an array 
of binary-weighted capacitors. All legs of the 
array share a conmion node at the comparator's 
input, with their other terminals capable of being 
connected to AIN, AGND, or VREF (Figure 1). 
When the device is not caUbrating or converting, 
all bits are tied to AIN forming Ctot- Switch SI is 
closed and the charge on the array, Qin, tracks 
the input signal Vin (Figure 2a). 

When the conversion command is issued, switch 
SI opens as shown in Figure 2b. This traps 



DC 



AGND 





a-D)Ct^t 



for V.„ = OV 



VREF 

Figure 2b. Convert Mode 

The conversion consists of manipulating the free 
plates of the capacitor array to VREF and AGND 
to form a capacitive divider. Since the charge at 
the floating node remains fixed, the voltage at 
that point depends on the proportion of 



AIN o- 
VREpo- 
AGND^ 



m m a J Jjj m 

ill ill ill ill '' j]H,i., 
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Bit 15 Bit 14 Bit 13 
MSB 



Bit 12 



Y Y 

,76 8 |c/ 32,76 8 | 

T T 



^ tot ' ^ ■*■ ^^^ + C/4 + ... C/32,768 



Bit Dummy 

LSB 



Figure 1. Charge Redistribution DAC 
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capacitance tied to VREF versus AGND. The 
successive-approximation algorithm is used to 
find the proportion of capacitance, termed D in 
Figure 2b, which will drive the voltage at the 
floating node to zero. That binary fraction of 
capacitance represents the converter's digital 
output. 

The CSZ5116's charge redistribution architec- 
ture easily supports bipolar input ranges. If half 
the capacitor array (the MSB capacitor) is tied to 
VREF rather than AIN in the track mode, the 
input range doubles and offsets half-scale. The 
magnitude of the reference voltage thus defines 
both positive and negative full-scale (-VREF to 
+VREF), and the digital code is an offset binary 
representation of the input. 



During calibration, an on-chip microcontroller 
manipulates the sub-arrays to precisely ratio the 
bits. Each bit is adjusted to just balance the sum 
of all less significant bits plus one dunmiy LSB 
(for example, 16C = 8C + 4C + 2C + C + C). 
During calibration, the CSZ5116 implements 
statistical noise reduction to calibrate accurately 
to ± 1/4 LSB. It performs multiple experiments 
per calibration decision to reduce the effective 
noise bandwidth and the probability of making 
an incorrect decision. The resulting probability 
of obtaining a 1/4 LSB error is less than one in a 
thousand, with a negligible chance of obtaining a 
calibration error of 1/2 LSB. 



DIGITAL CIRCUIT CONNECTIONS 



Calibration 

The ability of the CS2^1 16 to convert accurately 
to 16-bits clearly depends on the accuracy of its 
comparator and DAC. The CSZ5116 utilizes an 
"auto-zeroing" scheme to null errors introduced 
by the comparator. All offsets are stored on the 
capacitor array while in the track mode and are 
effectively subtracted from the input signal when 
a conversion is initiated. Auto-zeroing enhances 
power supply rejection at frequencies below the 
conversion rate. 

To achieve 16-bit accuracy from the DAC, the 
CSZ5116 uses a novel self-calibration scheme. 
Each bit capacitor shown in Figure 1 actually 
consists of several capacitors which can be 
manipulated to adjust the overall bit weight. 



The CSZ5116 can be applied in a wide variety 
of master clock, sampling, and calibration 
conditions which directly affect the device's 
conversion time and throughput The device also 
features on-chip 3-state output buffers and a 
complete interface for connecting to 8- and 16- 
bit digital systems. Output data is also available 
in serial format. 

Master Clock 

The CSZ5116 operates from a master clock 
which can be externally supplied or internally 
generated. The internal oscillator is activated by 
hard-wiring the CLKIN input low. Alternatively, 
the CSZ5116 can be synchronized to the extemal 
system by driving the CLKIN pin with a TTL or 
CMOS clock signal. 




Master Clock JinnmUlflU 
(Optional) 



Master Clock JUUm/umJl 
(Optional) 




a. Asynchronous Sampling b. Synchronous Sampling 

Figure 3. Sampling Connections 
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All calibration, conversion, and throughput times 
directiy scale to master clock frequency. Thus, 
throughput can be precisely controlled and/or 
maximized using an external master clock. In 
contrast, the CSZ5116's internal oscillator will 
vary from unit-to-unit and over temperature. Its 
tolerance gives rise to minimum and maximum 
conversion times and throughput rates. The -16 
version of the CSZ5116 is specified for accurate 
operation with an external clock up to 4MHz; its 
internal clock frequency is specified at a 
minimum of 2.0MHz. The -32 version can 
handle external clocks up to 2MHz; its internal 
clock can range as low as l.OMHz (see 
Switching Characteristics, page 64). 

Sampling/Initiating Conversions 



A falling transition on the HOLD pin places the 
input in the hold m ode and initiates a conversion 
cycle. The HOLD input is latched internally by 
the master clock, so it can return high anytime 
after one master clock cycle plus 50ns. Upon 
completion of the conversion cycle, the 
CSZ5116 automatically returns to the track 
mode. In contrast to systems with separate track- 
and-holds and A/D converters, a sampling clock 
can simply be connected to the HOLD input 
(Figure 3a). The duty cycle of this clock is not 
critical. It need only remain low at least one 
master clock cycle plus 50ns, but no longer than 
the minimum conversion time or an additional 
conversion cycle will be initiated with 
inadequate time for acquisition. 



Conversion Time/Throughput 

Upon completing a conversion cycle and 
returning to the track mode, the CSZ5116 
requires time to acquire the analog input signal 
before another conversion can be initiated. The 
acquisition time is specified as six master clock 
cycles plus 2.25^s. This adds to the conversion 
time to define the converter's maximum through- 
put. The conversion time of the CSZ5116, in 
turn, depends on the sampling, calibration, and 
master clock conditions. 

Asynchronous Sampling 

The CSZ5116 internally operates from a clock 
which is delayed and divided down from the 
master clock (fcLK/4). If sampling is not 
synchronized to this internal clock, the 
conversion cycle may not begin until up to four 
clock cycles after HOLD goes low even though 
the charge is trapped immediately. In this 
asynchronous mode (Figure 3a), the four clock 
cycles add to the minimum 65 clock cycles to 
define the maximum conversion time (see Figure 
4a and Table 1). 
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4 


\l\k^ 


^/r// 


.♦. ♦ 



Synchronizatioa Uncerttmly (4 cycles) 

Figure 4a. Asynchronous Sampling (External Clock) 



Sampling Mode 
Synchronous (Loopback) 
Asynchronous 



Conversion Time 

min max 

65T 65T 

65T 69T + 235ns 

(T s one master clock cycle) 



Throughput Time 

min max 

801 801 

N/A 75T + 2.25ms 



Table 1. Conversion and Throughput Times 
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Synchronous Sampling 

To achieve maximum throughput, sampling can 
be synchronized with the internal conversion 
clock by connecting the End-of-Track (EOT) 
output to HOLD (Figure 3b), T he EO T output 
falls 15 master clock cycles after EOC indicating 
the analog input has been acquired to the 
CSZ5116's specified accuracy. The EOT output 
is synchronized to the internal conversion clock, 
so the four clock cycle synchronization 
uncertainty is removed yielding throughput at 
l/80th of the master clock frequency (see Figure 
4b and Table 1). 



HOLD ■ 

Input 



EOC 

Output . 



I / ThrougJ 
• (80 cycle 



y 



Conversion 



EOT V / 

Output vy 



y 



Acquisition (15 cycles) y^_y 

Figure 4b. Synchronous (Loopback) Mode 



Also, the CSZ5116's internal RC oscillator 
exhibits significant jitter (typically ± 0.05% of its 
period), which is high compared to crystal 
oscillators. If the CSZ5116 is configured for 
synchronous sampling while operating from its 
internal oscillator, this jitter will directly affect 
sampling purity. 



The EOT output is an accurate indicator of the 
CSZ5116's acquisition requirement when 
operating at the -16 version's full rated speed 
(3.75|xs with a 4MHz master clock). However, 
EOT will allow the CSZ5116 more acquisition 
time than necessary when operating with a clock 
less than 4MHz. The EOT output always falls 15 
master clock cycles after EDC. The CSZ5116 
only needs 3.75|xs (six cycles @4MHz plus 
2.25|xs). When operating the -32 with a master 
clock of 2MHz or less, higher throughput can be 
achieved than in the loopback configuration by 



using an external counter. The counter should be 
reset by the falling edge of EOC and count the 
appropriate number of clock cycles after each 
conversion. When the total time is greater than 
six clock cycles plus 2.25|xs the counter can 
trigger a new conversion at HOLD. For example, 
when using a 2MHz clock, 2.25^is takes between 
four and five clock cycles. When six cycles are 
added to this it is seen that the counter should 
trigger a new conversion at the eleventh clock 
cycle. 

Reset 

Upon power up, the CSZ5116 must be reset to 
guarantee a consistent starting condition and 
initially calibrate the device. Due to the 
CSZ5116's low power dissipation and low 
temperature drift, no warm-up time is required 
before reset to accommodate any self-heating 
effects. However, the voltage reference input 
should have stabilized to within 0.25% of its 
final value before RST falls to guarantee an 
accurate calibration. Later, the CSZ5116 may be 
reset at any time to initiate a single full 
calibration. Reset overrides all other functions. If 
reset, the CSZ5116 will clear and initiate a new 
calibration cycle mid-conversion or mid- 
calibration. 

Resets can be initiated in hardware or software. 
The simplest method of resetting the CSZ5116 
involves strobing the RST pin high. When RST 
is brought high all internal logic clears. When it 
returns low a full calibration begins which takes 
1,443,840 master clock cycles (approximately 




Figure 5. Power-On Reset Circuitry 



7-70 



DS24F3 



CSZ5116 



360ms with a 4MHz clock) to complete. A 
simple power-on reset circuit can be built using a 
resistor and capacitor, and a Schmidt-trigger 
inverter to prevent oscillation (see Figure 5). The 
CSZ5116 can also be reset in software when 
under microprocessor control. The CSZ5116 will 
reset whenever CS, AO, and HOLD are taken 
low simultaneously. See the Microprocessor 
Interface section to eliminate the possibility of 
inadvertent software reset. The EOC output 
remains high throughout the reset operation and 
will fall upon its completion. It can thus be used 
to generate an interrupt indicating the CSZ5116 
is ready for operation. Six master clock cycles 
plus 2.25|xs must be allowed after EOC falls to 
allow for acquisition. Under microprocessor- 
independent operation with 3-states permanently 
enabled (CS, RD low; AO high) the EOC output 
will not fall at the completion of the reset 
operation. 

Initiating Calibration 

All modes of calibration can be controlled in 
hardware or software. Accuracy can thereby be 
insured at any time or temperature throughout 
operating life. After initial calibration at power- 
up, the CSZ5116's charge-redistribution design 
yields better temperature drift and more graceful 
aging than resistor-based technologies, so 
calibration is actually required less often than 
with traditional devices. 



terminated. Once CAL returns low, at least 26 
master clock cycles plus 2.25^is (8.75m,s @ 
4MHz clock) must be allowed before a 
conversion is initiated to ensure the CSZ5116 
has completed its calibration experiment and has 
acquired the analog input. The EOC output 
indicates the completion of the final calibration 
experiment. (See note on page 89.) 

The CSZ5116 features a background calibration 
mode called "interleave." Interleave appends a 
single calibration experiment to each conversion 
cycle and thus requires no dead time for 
calibration. The CSZ5116 gathers data between 
conversions and will adjust its transfer function 
once it completes the entire sequence of 
experiments (one calibration cycle per 72,192 
conversions). Initiated by bringing both the 
INTRLV input and CS low (or hard-wiring 
ESfTRLV low), interleave extends the CSZ5116's 
effective conversion time by 20 master clock 
cycles. Other than reduced throughput, interleave 
is totally transparent to the user. 

Burst calibrations initiated at CAL pick up where 
interleave left off, so calibration cycles can be 
hastened by "bursting" a number of experiments 
whenever the CSZ5116 sees free time. Interleave 
is subordinate to burst calibrations, so INTRLV 
could still be hard-wired low. 

Microprocessor Interface 




The first mode of calibration, reset, results in a 
single full calibration cycle. The second type of 
calibration, termed "burst" cal, is useful when the 
ADC sees some downtime but not enough to 
perform a full reset calibration. Burst cal can be 
terminated mid-calibration; it picks up where it 
left off previously, so calibrations can be done in 
piecemeal fashion. Burst cal is initiated by 
bringing the CAL input high with CS low. The 
CAL input is level-triggered and latches on the 
rising edge of CS, so a write cycle can be used to 
control calibration in software. Burst cal will 
continue to loop through calibration cycles until 



The CSZ5116 features an intelligent micro- 
processor interface which offers detailed status 
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Figure 6. Address/Control Bus Connections 
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DEFINITION 

Falls upon completion of a conversion, 

and returns high on the first subsequent read. 

Reserved for factory use. 

When data is to be read in an 8-bit format (BW-0), 
indicates which byte will appear at the output next. 

When low, indicates the input has been acquired to 
the devices specified accuracy. 

Resen/ed for factory use. 

High when the device is tracking the intput. 

High when the device is converting the held input. 

High when the device is calibrating. 



Table 2. Status Bit Defmitions 



information and allows software control of the 
self-calibration functions. Output data is 
available in either 8- or 16-bit formats for easy 
interfacing to industry-standard microprocessors. 

Strobing both CS and RD low enables the 
CSZ5116's 3-state output buffers with either 
output data or status information depending on 
the status of AO. An address bit can be connected 
to AO as shown in Figure 6 thereby memory 
mapping the status register and output data. 
Conversion status can be polled in software by 
reading the status register (C5 and RD strobed 
low with AO low), and masking status bits S0-S5 
and S7 (by logically AND'ing the status word 
with 01000000) to determine the value of S6. 
Similarly, the software routine can determine 
calibration status using other status bits (see 
Table 2). Care must he taken not to read the 
status register (AO low) while HOLD is low, or a 
software reset will result (see Reset, page 70). 



Altematively, the End-of-Convert (EOC) output 
can be used to generate an interrupt or drive a 
DMA controller to dump the output directly into 
memory after each conversion. The EOC pin 
falls as each conversion cycle is completed and 
data is valid at the output. It returns high within 
four master clock cycles of the first subsequent 
data read operation or after the start of a new 
conversion cycle. To interface with 16-bit data 
busses, the BW input to the CSZ5116 should be 
held high and all 16 data bits read in parallel. 
With 8-bit buses, the converter's 16-bit result 
must be read in two 8-bit bytes. In this instance, 
BW should be held low and the MSB's obtained 
on the first read cycle following a conversion 
and the LSB's on the second. Both bytes appear 
on pins D0-D7. The upper/lower bytes of the 
same data will continue to toggle on subsequent 
reads until the next conversion finishes. Status 
bit S4 indicates which byte will appear on the 
next data read operation. 



Status 
(AO=0) 



Data 
(AO-1) 



D15 D14 D13 D12 Dll DIO D9 D8 



D7 D6 D5 D4 D3 D2 Dl DO 



8- or 16-Bit 
Data Bus 



I X|x|x|x|x|x|x|)r] I S7 I S6 I S5 I S4 I S3 I S2 I SI I so] 
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Figure 7. Data Format 
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The CSZ5116 internally buffers its output data, 
so data can be read while the device is tracking 
or converting the next sample. Therefore, 
retrieving the converter's digital output requires 
no reduction in ADC throughput. Enabling the 3- 
state outputs while the CSZ5116 is converting 
will not introduce conversion errors. When TTL 
loads are utilized the potential for crosstalk 
between digital and analog sections of the 
system is increased. This crosstalk is due to high 
digital supply and signal currents arising from 
the TTL drive current required of each digital 
output. Connecting CMOS logic to the digital 
outputs is recommended. Suitable logic families 
include 4000B, 74HC, 74AC, 74ACT, and 
74HCT. 

The two calibration control inputs, CAL and 
INTRLV, are level-triggered and latched on the 
rising edge of CS. Calibration can be placed 
under software control by connecting address 
lines to the CAL and INTRLV inputs as shown 
in Figure 6. Any read or write cycle to the 
CSZ5116's base address will thereby initiate or 
terminate calibration. 
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Figure 8. Microprocessor-Independent Connections 



Microprocessor Independent Operation 

The CSZ5116 can be operated in a stand-alone 
mode independent of intelligent control. In this 
mode, C5 and RD are hard-wired low 
permanently enabling the 3-state output buffers. 
A free-running condition is established when 
BW is tied high, CAL is tied low, and HOLD is 
continually strobed low or tied to EOT. The 
CSZ5116's EOC output can be used to externally 
latch the output data if desired. With CS and RD 
hard-wired low, EOC will strobe low for four 
master clock cycles after each conversion. Data 
will be unstable up to 100ns after EOC falls, so it 
should be latched on the rising edge of EOC. 
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notes: 1. td can vary from 135ns - 235ns over military temerature range and o ver ± 10% supply variation. 

2. For asynchronous mode, transitions of SCLK, SDATA, EOC, EOT can shift by up to 4 clocks; e.g. tiie 
first high to low tra nsition of SCLK may be on clock #6 to #9. The timing relationship between SCLK, 
SDATA, EOC, and EOT is fixed. 



Figure 9. Serial Output Timing 
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Serial Output 

All successive-approximation A/D converters 
derive their digital output serially starting with 
the MSB. The CSZ5116 presents each bit to the 
SDATA pin four master clock cycles after it is 
derived and can be latched using the serial clock 
output, SCLK. Just subsequent to each bit 
decision SCLK will fall and return high once the 
bit information on SDATA has stabilized. Thus, 
the rising edge of the SCLK output should be 
used to clock the data from the CSZ5116 (See 
Figure 9). 

ANALOG CIRCUIT CONNECTIONS 



During conversion, the members of the 
calibrated capacitor array are switched between 
VREF and AGND in a manner determined by 
the successive-approximation algorithm. The 
charging and discharging of the array results in a 
current load at the reference. The CSZ5116 
includes an internal buffer amplifier to minimize 
the external reference circuit's drive requirement 
and preserve the reference's integrity. Whenever 
the array is switched during conversion, the 
buffer is used to pre-charge the array thereby 
providing the bulk of the necessary charge. The 
appropriate array capacitors are then switched to 
the unbuffered VREF pin to avoid any errors due 
to offsets and/or noise in the buffer. 



Most popular successive-approximation A/D 
converters generate dynamic loads at their 
analog connections. The CSZ5116 internally 
buffers all analog inputs (AIN, VREF, and 
AGND) to ease the demands placed on external 
circuitry. However, accurate system operation 
still requires careful attention to details at the 
design stage regarding source impedances as 
well as grounding and decoupling schemes. 

Reference Considerations 

An application note titled "Voltage references for 
the CS501X/CSZ511X Series of AID Converters'' 
is available for the CSZ5116. In addition to 
working through a reference circuit design 
example, it offers seven built-and-tested 
reference circuits. 
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Figure 10. Reference Connections 



The external reference circuitry need only 
provide the residual charge required to fully 
charge the array after pre-charging from the 
buffer. This creates an ac current load as the 
CSZ5116 sequences through conversions. The 
reference circuitry must have a low enough 
output impedance to drive the requisite current 
without changing its output voltage significantly. 

As the analog input signal varies, the switching 
sequence of the internal capacitor array changes. 
The current load on the external reference 
circuitry thus varies in response with the analog 
input. Therefore, the extemal reference must not 
exhibit significant peaking in its output 
impedance characteristic at signal frequencies or 
their harmonics. 

A large capacitor connected between VREF and 
AGND can provide sufficiently low output 
impedance at the high end of the frequency 
spectrum, while almost all precision references 
exhibit extremely low output impedance at dc. 
The presence of large capacitors on the output of 
some voltage references, however, may cause 
peaking in the output impedance at intermediate 
frequencies. Care should be exercised to ensure 
that significant peaking does not exist or that 
some form of compensation is provided to 
eliminate the effect. 
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The magnitude of the current load on the 
external reference circuitry will scale to the 
master clock frequency. At full speed (4MHz 
clock), the reference must supply a maximum 
load current of lOjxA peak-to-peak (l|xA typical). 
An output impedance of 2Q will therefore yield 
a maximum error of 20|JV. With a 4.5V reference 
and LSB size of 69|JV this would insure 
approximately 1/4 LSB accuracy. A lOjiF 
capacitor exhibits an impedance of less than 2Q 
at frequencies greater than 16kHz, and voltage 
references with dc output impedances less than 
one 2Q are readily available. A high-quality 
tantalum capacitor in parallel with a smaller 
ceramic capacitor is recommended. 

Peaking in the reference's output impedance can 
occur because of capacitive loading at its output. 
Any peaking that might occur can be reduced by 
placing a small resistor in series with the 
capacitors (Figure 10). The equation in Figure 10 
can be used to help calculate the optimum value 
of R for a particular reference. The term "fpeak" 
is the frequency of the peak in the output 
impedance of the reference before the resistor is 
added. 

The CSZ5116 can operate with a wide range of 
reference voltages, but signal-to-noise 
performance is maximized by using as wide a 
signal range as possible. The recommended 
reference voltage is 4.5 volts. The CSZ5116 can 
actually accept reference voltages up to the 
positive analog supply. However, the buffer's 
offset may increase as the reference voltage 
approaches VA+ thereby increasing external 
drive requirements at VREF. A 4.5V reference is 
the maximum reference voltage recommended. 
This allows 0.5V headroom for the internal 
reference buffer. Also, the buffer enlists the aid 
of an external O.ljuF ceramic capacitor which 
must be tied between its output, REFBUF, and 
the negative analog supply, VA-. For more 
information on references, consult "Application 
Note: Voltage References for the CS501X 
CSZ511X Series of AID Converters'', 



Analog Input Connection 

The analog input terminal functions similarly to 
the VREF input after each conversion when 
switching into the track mode. During the first 
six master clock cycles in the track mode, the 
buffered version of the analog input is used for 
pre-charging the capacitor array. An additional 
period is required for fine-charging directly from 
AIN to obtain the specified accuracy. Figure 11 
exemplifies this operation. During pre-charge the 
charge on the capacitor array first settles to the 
buffered version of the analog input. This 
voltage is offset from the actual input voltage. 
During fine-charge, the charge then settles to the 
accurate unbuffered version. 




1.0 1.5 
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Figure 11. Internal Acquisition Time 



The acquisition time of the CSZ5116 depends on 
the master clock frequency. This is due to a fixed 
pre-charge period. For instance, operating the 
-16 version with an external 4MHz master clock 
results in a 3.75 |is acquisition time: 1.5iis for 
pre-charging (6 clock cycles) and 2.25|is for 
fine-charging. Fine-charge settling is specified as 
a maximum of 2.25|is for an analog source 
impedance of less than 200D. 

In addition, the comparator requires a source 
impedance of less than 400Q around 2MHz for 
stability, which is met by practically all bipolar 
op amps. Large dc source impedances can be 
accommodated by adding capacitance from AIN 
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to ground (typically 200pF) to decrease source 
impedance at high frequencies. However, high 
dc source resistances will increase the input's RC 
time constant and extend the necessary 
acquisition time. 

The CSZ5116 can track full power signals up to 
25kHz in the track mode. During the first six 
clock cycles following a conversion, the 
CSZ5116 is capable of slewing at 5V/|xs in 
unipolar mode. In bipolar mode, only half the 
capacitor array is connected to the analog input 
so the CSZ5116 can slew at lOV/^is. After the 
first six master clock cycles, it will slew at 
0.25V/^.s in the unipolar mode and 0.5V/ixs in 
bipolar mode. Acquisition of fast slewing signals 
(step functions) can be hastened if the step 
occurs during or immediately following the 
conversion cycle. For instance, channel selection 
in multiplexed applications should occur while 
the CSZ5116 is converting (see Figure 12). 
Multiplexer settling is thereby removed from the 
overall throughput equation, and the CSZ5116 
can convert at full speed. 

Analog Input Range/Coding Format 

The reference voltage directly defines the input 
voltage range in both the unipolar and bipolar 
configurations. In the unipolar configuration 
(BP/UP low), the first code transition occurs 0.5 
LSB above AGND, and the final code transition 



occurs 1.5 LSB's below VREF. Coding is in 
straight binary format. In the bipolar configura- 
tion (BP/UP high), the first code transition 
occurs 0.5 LSB above -VREF and the last 
transition occurs 1.5 LSB's below +VREF. 
Coding is in an offset-binary format. Positive 
full scale gives a digital output of 
1111111111111111, and negative full scale gives 
a digital output of 0000000000000000. 

Grounding and Power Supply Decoupling 

The CSZ5116 uses the analog ground 
connection, AGND, only as a reference voltage. 
No dc power currents flow through the AGND 
connection, and it is completely independent of 
DGND. However, any noise riding on the 
AGND input relative to the system's analog 
ground will induce conversion errors. Therefore, 
both the analog input and reference voltage 
should be referred to the AGND pin, which 
should be used as the entire system's analog 
ground. The digital and analog supplies are 
isolated within the CSZ5116 and are pinned out 
separately to minimize coupling between the 
analog and digital sections of the chip. All four 
supplies should be decoupled to their respective 
grounds using O.l^iF ceramic capacitors. If 
significant lowfrequency noise is present on 
the supplies, l|iP tantalum capacitors are 
recommended in parallel with the 0.1 |iF 
capacitors. 
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The positive digital power supply of the CSZ5116 
must never exceed the positive analog supply by 
more than a diode drop or the CSZ5116 could 
experience permanent damage. If the two 
supplies are derived from separate sources, care 
must be taken that the analog supply comes up 
first at power-up. The system connection 
diagram on page 83 shows a decoupling scheme 
which allows the CSZ5116 to be powered from a 
single set of ± 5V rails. The positive digital 
supply is derived from the analog supply through 
a lOflt resistor to avoid the analog supply 
dropping below the digital supply. If this scheme 
is utilized, care must be taken to insure that any 
digital load currents (which flow through the 
lOQ resistors) do not cause the magnitude of 
digital supplies to drop below the analog 
supplies by more than 0.5 volts. Digital supplies 
must always remain above the minimum 
specification. 

As with any high-precision A/D converter, the 
CSZ5116 requires careful attention to grounding 
and layout arrangements. However, no unique 
layout issues must be addressed to properly 
apply the CSZ5116. The CDB5116 evaluation 
board is available for the CSZ5116, which 
avoids the need to design, build, and debug a 
high-precision PC board to initially characterize 
the part. The board comes with a socketed 
CSZ5116, and can be quickly reconfigured to 
simulate any combination of sampling, 
calibration, master clock, and analog input range 
conditions. 



CSZ5116 PERFORMANCE 

The CSZ5116 offers 100% tested dynamic per- 
formance. Due to the broad range of operating 
conditions and performance requirements in 
signal processing applications, the following 
section is included to illustrate the CSZ5116's 
error sources and their effect on a signal's 
spectral content. 



FFT Tests and Windowing 



In the factory, the CSZ5116 is tested using Fast 
Fourier Transform (FFT) techniques to analyze 
the converter's dynamic performance. A pure 
sinewave is applied to the CSZ5116, and a "time 
record" of 1024 samples is captured and 
processed. The FFT algorithm analyzes the 
spectral content of the digital waveform and 
distributes its energy among 512 "frequency 
bins." Assuming an ideal sinewave, distribution 
of energy in bins outside of the fundamental and 
dc can only be due to quantization effects and 
errors in the CSZ5 116. 

If sampling is not synchronized to the input 
sinewave, it is highly unlikely that the time 
record will contain an integer number of periods 
of the input signal. However, the FFT assumes 
that the signal is periodic, and will calculate the 
spectrum of a signal that appears to have large 
discontinuities, thereby yielding a severely 
distorted spectrum. To avoid this problem, the 
time record is multiplied by a window function 
prior to performing the FFT. The window 
function smoothly forces the endpoints of the 
time record to zero, thereby removing the 
discontinuities. The effect of the window in the 
frequency-domain is to convolute the spectrum 
of the window with that of the actual input. 

The quality of the window used for harmonic 
analysis is typically judged by its highest side- 
lobe level. The Blackman-Harris window used 
for testing the CSZ5116 has a maximum side- 
lobe level of -92dB. Figure 13 shows an FFT 
computed from an ideal 16-bit sinewave 
multiplied by a Blackman-Harris window. 
Artifacts of windowing are discarded from the 
signal-to-noise calculation using the assumption 
that quantization noise is white. All FFT plots in 
this data sheet were derived by averaging the 
FFT results from ten time records. This filters the 
spectral variability that can arise from capturing 
finite time records without disturbing the total 
energy outside the fundamental. All harmonics 
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and the -92dB side-lobes from the Blackman- 
Harris window are therefore clearly visible in the 
plots. For more information on FFT's and 
windowing refer to: FJ. HARRIS, "On the use of 
windows for harmonic analysis with the Discrete 
Fourier Transform", Proc. ffiEE, Vol. 66, No. 1, 
Jan 1978, pp.5 1-83. 

Nonlinearity 

Analog-to-digital converters have traditionally 
been specified using dc specifications such as 
Integral and Differential Nonlinearity at worst- 
case points on the transfer curve. These 
specifications are not particularly useful in signal 
processing applications since they offer little 
information on the overall shape of converter's 
transfer curve, and therefore do not directly 
correlate to the converter's effect on a signal's 
spectral content 

Integral Nonlinearity (INL; also termed Relative 
Accuracy or just Nonlinearity) is defined as the 
deviation of the transfer function from an ideal 
straight line. Bows and waves in the transfer 
curve generate harmonic distortion. However, 
the most prevalent source of nonlinearity in 
high-resolution converters is bit-weight errors; 
that is, the deviation of bits from their ideal 
binary-weighted ratios. At dc, bit-weight errors 



most visibly affect the converter's Differential 
Nonlinearity, or the deviation of codes from their 
ideal widths. Due to the limitations of factory 
trim techniques, the worst-case condition of bit- 
weight errors has traditionally also defined the 
point of maximum INL. 

Bit-weight errors have a drastic effect on a 
converter's ac performance. They can be 
analyzed as step functions superimposed on the 
input signal. Since bits (and their errors) switch 
in and out throughout the transfer curve, their 
effect is signal dependent. That is, harmonic and 
intermodulation distortion, as well as noise, can 
vary with different input conditions. Designing a 
system around characterization data is risky 
since transfer curves can differ drastically unit- 
to-unit and lot-to-lot. 

The CSZ5116 achieves repeatable signal-to- 
noise and harmonic distortion performance using 
an on-chip self-calibration scheme. The 
CSZ5116 calibrates its bit weights to ± 1/4 LSB 
at 16-bits (± 0.0004% FS) yielding peak 
distortion as low as -105dB (see Figure 14). 
Unlike traditional ADC's, the linearity of the 
CSZ5116 is not limited by bit- weight errors; its 
performance is therefore extremely repeatable 
and independent of input signal conditions. 
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Sampling Distortion 

The ultimate limitation on the CSZ5116's 
linearity (and distortion) arises from nonideal 
sampling of the analog input voltage. The 
calibrated capacitor array used during 
conversions is also used to track and hold the 
analog input signal. The conversion is not 
performed on the analog input voltage per se, but 
is actually performed on the charge trapped on 
the capacitor array at the moment the HOLD 
conmiand is given. The charge on the array is 
ideally related to the analog input voltage by Qin 
= -Vin X Ctot as shown in Figure 2. Any 
deviation from this ideal relationship will result 
in conversion errors even if the conversion 
process proceeds flawlessly. 

At dc, the DAC capacitor array's voltage 
coefficient dictates the converter's linearity. This 
variation in capacitance with respect to applied 
signal voltage yields a nonlinear relationship 
between charge Qin and the analog input voltage 
Vin and places a bow or wave in the transfer 
function. This is the dominant source of 
distortion at low input frequencies (Figure 14). 

The ideal relationship between Qin and Vin can 
also be distorted at high signal frequencies due to 
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nonlinear! ties in the internal MOS switches. 
Dynamic signals cause ac current to flow 
through the switches connecting the capacitor 
array to the analog input pin in the track mode. 
Nonlinear on-resistance in the switches causes a 
nonlinear voltage drop. This effect worsens with 
increased signal frequency as shown in Figure 15 
since the magnitude of the steady state current 
increases. First noticeable at IkHz, this distortion 
assumes a linear relationship with input frequen- 
cy. With signals 20dB or more below full-scale, 
it no longer dominates the converter's overall 
S/(N+D) performance (Figure 16). 
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Figure 16. FFT Plots of 12kHz Signals at Full-Scale and 20dB Below Full-Scale 
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Figure 17. FFT plots of IkHz Signals 60dB and 80dB Below Full Scale 



This distortion is strictly an ac sampling 
phenomenon. If significant energy exists at high 
frequencies, the effect can be eliminated using an 
external track-and-hold amplifier to allow the 
array's charge current to decay, thereby eliminat- 
ing any voltage drop accross the switches. Since 
the CSZ5116 has a second sampling function 
on-chip, the external track-and-hold can return to 
the track mode once the converter's HOLD input 
falls. It need only acquire the analog input by the 
time the entire conversion cycle finishes. 

Quantization Noise 

The error due to quantization of the analog input 
ultimately dictates the accuracy of any A/D 
converter. The continuous analog input must be 
represented by one of a finite number of digital 
codes, so the best accuracy to which an analog 
input can be known from its digital code is 
±1/2 LSB. Under circumstances commonly 
encountered in signal processing applications, 
this quantization error can be treated as a random 
variable. The magnitude of the error is limited to 
±1/2 LSB, but any value within this range has 
equal probability of occurance. Such a 
probability distribution leads to an error "signal" 
with an rms value of 1 LSB/VT2. Using an rms 
signal value of FS/VS (amplitude = FS/2), this 
relates to an ideal 16-bit signal-to-noise ratio of 
98.1dB. 



Equally important is the spectral content of this 
error signal. It can be shown to be approximately 
white, with its energy spread uniformly over the 
band from dc to one-half the sampling rate. 
Advantage of this characteristic can be made by 
judicious use of filtering. If the signal is 
bandlimited, much of the quantization error can 
be filtered out, and improved system perfor- 
mance can be attained. 

As illustrated in Figures 15 and 17, the 
CSZ5116's on-chip self-calibration provides 
very accurate bit weights which yield no 
degradation in quantization noise with low-level 
input signals. In fact, quantization noise remains 
below the noise floor in the CSZ5116 which 
dictates the converter's signal-to-noise 
performance. 

Clock Feedthrough 

Maintaining the integrity of analog signals in the 
presence of digital switching noise is a difficult 
problem. The CSZ5116 can be synchronized to 
the digital system using the CLKIN input to 
avoid conversion errors due to asynchronous 
interference. However, digital interference will 
still affect sampling purity due to coupling 
between the CSZ5116's analog input and master 
clock. 
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The effect of clock feedthrough depends on the 
sampling conditions. If the sampling signal at the 
HOLD input is synchronized to the master clock, 
clock feedthrough will appear as a dc offset at 
the CSZ5116's output. The offset could theoreti- 
cally reach the peak coupling magnitude (Figure 
18), but the probability of this occurring is small 
since the peaks are spikes of short duration. 
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200n 


80uV 32SuV 



Figure 18. Examples of Measured Clock Feedthrough 



If sampling is performed asynchronously with 
the master clock, clock feedthrough will appear 
as an ac error at the CSZ5116's output. With a 
fixed sampling rate, a tone will appear as the 
clock frequency aliases into the baseband. The 
tone frequency can be calculated using the 
equation below and could be selectively filtered 
in software using DSP techniques. 



tone ' 



(Nf. 



^clk^ 



where N=f ^j|^/f ^ rounded to the nearest integer 

The magnitude of clock feedthrough depends on 
the master clock conditions and the source 
impedance applied to the analog input. When 
operating with the CSZ5116's internally 
generated clock, the CLKIN input is grounded 
and the dominant source of coupling is through 
the device's substrate. As shown in Figure 18, a 
typical CSZ5116 operating with its internal 
oscillator at 2MHz and 50^ of analog input 
source impedance will exhibit only 15|iV rms of 
clock feedthrough (-116dB with a 9V p-p full 
scale). However, if a 2MHz external clock is 



applied to CLKIN under the same conditions, 
feedthrough increases to 25|iV rms(-llldB). 
Feedthrough also increases with clock frequen- 
cy; a 4MHz clock yields 4Q\N rms (-107dB). 
Clock feedthrough can be reduced by limiting 
the source impedance applied at the analog 
input. As shown in Figure 18, reducing source 
impedance from 50Q to 25Q yields a 15pV rms 
reduction in feedthrough. Therefore, when 
operating the CSZ5116 with high-frequency 
external master clocks, it is important to 
minimize source impedance applied to the 
CSZ5116's input. 

Also, the overall effect of clock feedthrough can 
be minimized by maximizing the input range and 
LSB size. The reference voltage applied to 
VREF can be maximized, and the CSZ5116 can 
be operated in bipolar mode which inherently 
doubles the LSB size over the unipolar mode. 

Aperture Jitter 

Track-and-hold amplifiers commonly exhibit 
two types of aperture jitter. The first, more 
appropriately termed "aperture window", is an 
input voltage dependent variation in the aperture 
delay. Its signal-dependancy causes distortion at 
high frequencies. The CSZ5116's proprietary 
architecture avoids applying the input voltage 
across a sampling switch, thus avoiding any 
"aperture window" effects. The second type of 
aperture jitter assumes a random nature and 
appears in an FFT as a spreading in the 
fundamental. With only lOOps peak-to-peak 
aperture jitter, the CSZ5116 can process full- 
scale signals up to 24kHz with 16-bit accuracy. 

Power Supply Rejection 

The CSZ5116's power supply rejection 
performance is enhanced by the on-chip self- 
calibration and an "auto-zero" process. Drifts in 
power supply voltages at frequencies less than 
the calibration rate have negligible effect on the 
CSZ5116's accuracy. This, of course, is because 
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the CSZ5116 adjusts its offset to within a small 
fraction of an LSB during calibration. Above the 
calibration frequency the excellent power supply 
rejection of the internal amplifiers is augmented 
by an auto-zero process. Any offsets are stored 
on the capacitor array and are effectively 
subtracted once conversion is initiated. Figure 19 
shows power supply rejection of the CSZ5116 in 
the bipolar mode with the analog input grounded 
and a 300mV p-p ripple applied to eaph supply. 
Power supply rejection improves by 6dB in the 
unipolar mode. 
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Figure 19. Power Supply Rejection 



Notches of increased rejection arise from the 
auto-zeroing at the conversion rate. The frequen- 
cies at which these notches occur also depend on 
the value of the captured analog input. The line 
shows worst-case rejection for all combinations 
of conversion rates and input conditions in the 
bipolar mode. Again, power supply rejection is 
6dB better in the unipolar mode. 
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* The status of AO is not critical to the operation specifled. However, AO should not be low with CS and HOLD low, or a software 
reset will result. 
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Power Supply Connections 

VD+ - Positive Digital Power, PIN 11. 

Positive digital power supply. Nominally +5 volts. 

VD- - Negative Digital Power, PIN 36. 

Negative digital power supply. Nominally -5 volts. 

DGND - Digital Ground, PIN 10. 

Digital ground reference. 

VA+ - Positive Analog Power, PIN 25. 

Positive analog power supply. Nominally +5 volts. 

VA- - Negative Analog Power, PIN 30. 

Negative analog power supply. Nominally -5 volts. 
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AGND - Analog Ground, PIN 27. 

Analog ground reference. 



Oscillator 



CLKIN - Clock Input, PIN 20. 

All conversions and calibrations are timed from a master clock which can either be supplied by 
driving this pin with an external clock signal, or can be internally generated by tying this pin to 
DGND. 



Digital Inputs 



HOLD - Hold, PIN 1. 

A falling transition on this pin sets the CSZ5116 to the hold state and initiates a conversion. 
This input must remain low at least one master clock cycle plus 50ns. 

CS- Chip Select, PIN 21. 

When hig h, the data bus outputs are held in a high impedance state and the inputs to CAL and 
E^ITRLV are ignored. A falling trans ition initi ates or terminates burst or interleave calibration 
(dependin g on the status of CAL and INTRLV) and a rising transition latches both the CAL and 
INTBILV inputs. If RD is low, the data bus is driven as indicated by BW and AO. 

RD-Read,PE^22. _ 

When RD and CS are both low, data is driven onto the data bus. If either signal is high, the data 
bus outputs are held in a high impedance state. The data driven onto the bus is determined by 
BWandAO. 

AO - Read Address, PIN 23. 

Determines whether data or status information is placed onto the data bus. When high during 
the read operation, converted data is placed onto the data bus; when low, the status register is 
driven onto the bus. 

BP/UP - Bipolar/Unipolar Input Select, PIN 24. 

When high, the device is configured with a bipolar transfer function ranging from -VREF to 
+VREF. Encoding is in an offset binary format, with the mid-scale code 100.. .0000 centered at 
AGND. When low, the device is configured for a unipolar transfer function from AGND to 
VREF. 




DS24F3 7-85 



imSSSS S SSIL CSZ51 16 

RST- Reset, PIN 32. 

When taken high, all internal digital logic is reset. Upon returing low, a full calibration 
sequence is initiated. 

BW - Bus Width Select, PIN 33. 

When high, all 16 data bits are driven onto the bus simultaneously during a data read cycle. 
When low, the bus is in a byte wide format. On the first read following a conversion, the eight 
MSB's are driven onto D7-D0. A second read cycle places the eight LSB's on D7-D0. 
Subsequent reads will toggle the higher/lower order bytes of the same data until the next 
conversion completes. Regardless of BW's status, a read cycle with AO low yields the status 
information on D7-D0. 



INTRLV - Interleave, PIN 34. 

When latched low using CS, the device goes into interleave calibration mode. A full calibration 
will complete every 72,192 conversions. The effective conversion time extends by 20 clock 
cycles. 

CAL - Calibrate, PIN 35. (See note on page 89.) 

When latched high using CS, burst calibration results. The device cannot perform conversions 
during the calibration period which will terminate only once CAL is latched low again. 
Calibration picks up where the previous calibration left off, and calibration cycles complete 
every 1,443,840 master clock cycles. If the device is converting when a calibration is signaled, 
it will wait until that conversion completes before beginning calibration. 



Analog Inputs 

AIN - Analog Input, PIN 26. 

Input range in the unipolar mode is zero volts to VREF. Input range in the bipolar mode is 
-VREF to +VREF. The output impedance of buffer driving this input should be less than or 
equal to 200Q. 

VREF - Voltage Reference, PIN 28. 

The analog reference voltage which sets the analog input range. It represents positive full scale 
for both bipolar and unipolar operation, and its magnitude sets negative full scale in bipolar 
mode. 



Digital Outputs 

DO through D15 - Data Bus Outputs, PINS2 thru 9, 12 thru 19. 

Tri-state output pins. Enabled by CS and RD, they offer the converter's 16-bit output in a 
format consistent with the state of BW if AO is high. If AO is low, bits D0-D7 offer the status 
register. 
__ DS24F3 
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EOT - End Of Track, PIN 37. 

If low, indicates that enough time has elapsed since the last conversion for the device to acquire 
the analog input signal (3,75^is for 4MHz external clock). 



EOC - End Of Conversion, PIN 38. 

This output indicates the end of a conversion or reset calibration cycle. It is high during a 
conversion and will fall to a low state upon completion of the conversion cycle indicating valid 
data is available at the output. Returns high on the first subsequent read or the start of a new 
conversion cycle. 

SDATA - Serial Output, PIN 40. 

Presents each output data bit after it is determined by the successive approximation algorithm. 
Valid on the rising edge of SCLK, data appears MSB first, LSB last, and each bit remains valid 
until the next bit appears. 

SCLK - Serial Clock Output, PIN 39. 

Used to clock converted output data serially from the CSZ5116. Serial data is stable on the 
rising odgc of SCLK. 



Analog Outputs 

REFBUF - Reference Buffer Output, PIN 29. 

Reference buffer output. A O.l^iF ceramic capacitor must be tied between this pin and VA-. 



Miscellaneous 

TST- Test, PIN 3L 

Allows access to the CSZ5116's test functions which are reserved for factory use. Must be tied 
toDGND. 
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ERROR DEFINITIONS 

Peak Harmonic or Spurious Noise (More accurately, Signal to Peak Harmonic or Spurious Noise) - 
The ratio of the rms value of the signal to the rms value of the next largest spectral component 
below the Nyquist rate (excepting dc). This component is often an aliased harmonic when the 
signal frequency is a significant proportion of the sampling rate. Expressed in decibels. 

Total Harmonic Distortion - The ratio of the rms sum of all harmonics to the rms value of the signal. 
Units in percent. 

Signal-to-Noise Ratio - The ratio of the rms value of the signal to the rms sum of all other spectral 
components below the Nyquist rate (excepting dc), including distortion components. Expressed 
in decibels. 

Full Scale Error - The deviation of the last code transition from the ideal (VREF-3/2 LSB's) after all 
offsets have been externally compensated. Units in LSB's. 

Unipolar Offset - The deviation of the first code transition from the ideal (1/2 LSB above AGND) 
when in unipolar mode (BP/UP low). Units in LSB's. 

Bipolar Offset - The deviation of the mid-scale transition (011...111 to 100...000) from the ideal 
(1/2 LSB below AGND) when in bipolar mode (BP/UP high). Units in LSB's. 

Bipolar Zero Error - The deviation of the first code transition from the ideal (1/2 LSB above -VREF) 
when in bipolar mode (BP/UP high). Units in LSB's. 

Aperture Time - The time required after the hold command for the sampling switch to open fully. 
Effectively a sampling delay which can be nulled by advancing the sampling signal. Units in 
nanoseconds. 

Aperture Jitter - The range of variation in the aperture time. Effectively the "sampling window" 
which ultimately dictates the maximum input signal slew rate acceptable for a given accuracy. 
Units in picoseconds. 



Note: Temperatures specified define ambient conditions in free-air during test and do not refer to the 
junction temperature of the device. 
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Ordering Guide 










Model 


Signal to Noise Ratio 


Throughput 


TemPt Range 


Package 


CSZ5116-JC32 




87 dB 


26.5 kHz 


0to70X 


40-Pin Ceramic Side-Brazed DIP 


CSZ5116-JC16 




87 dB 


50 kHz 


to 70 ^C 


40-Pin Ceramic Side-Brazed DIP 


CSZ5116-KC32 




90 dB 


26.5 kHz 


to 70 ^C 


40-Pin Ceramic Side-Brazed DIP 


CSZ5116-KC16 




90 dB 


50 kHz 


to 70 ^'C 


40-Pin Ceramic Side-Brazed DIP 


CSZ5116-LC32 




92 dB 


26.5 kHz 


0to70*^C 


40-Pln Ceramic Side-Brazed DIP 


CSZ5116-LC16 




92 dB 


50 kHz 


to 70 X 


40-Pin Ceramic Side-Brazed DIP 


CSZ5116-AC32 




87 dB 


26.5 kHz 


-40 to +85 ^C 


40-Pin Ceramic Side-Brazed DIP 


CSZ5116-AC16 




87 dB 


50 kHz 


-40 to +85 °C 


40-Pin Ceramic Side-Brazed DIP 


CSZ5116-BC32 




90 dB 


26.5 kHz 


-40 to +85 X 


40-Pin Ceramic Side-Brazed DIP 


CSZ5116-BC16 




90 dB 


50 kHz 


-40 to +85 ^C 


40-Pin Ceramic Side-Brazed DIP 


CSZ5116-CC32 




92 dB 


26.5 kHz 


-40 to +85 ^C 


40-Pin Ceramic Side-Brazed DIP 


CSZ5116-CC16 




92 dB 


50 kHz 


-40 to +85 °C 


40-Pin Ceramic Side-Brazed DIP 


CSZ5116-SC16 




87 dB 


50 kHz 


-55 to +125^0 


40-Pln Ceramic Side-Brazed DIP 


CSZ5116-TC16 




90 dB 


50 kHz 


-55 to +125^0 


40-Pin Ceramic Side-Brazed DIP 


CSZ5116-UC16 




92 dB 


50 kHz 


-55 to +125^0 


40-Pin Ceramic Side-Brazed DIP 



ADDENDUM 



Burst Calibration 




Burst calibration mode allows control of partial calibration cycles. Due to an unforeseen condition 
inside the part, asynchronous termination of calibration (C AL brought low) may result in a sub-optimal 
calibration result. It is recommended that burst calibration is not used, until the silicon is revised to 
prevent this effect. 

The reset and interleave mode work perfectly, and should be used instead of burst mode. The 
CSZ5116's very low drift over temperature means that, under most circumstances, calibration need 
only be performed at power-up, using reset 

If you wish to use burst calibration, then please contact the factory for advice and new part availability 
information. 
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16'Bit, 20 kHz Oversampling AID Converter 

General Description 

The CSZ531 6 analog to digital converter is a unique, 
very higli resolution A/D converter with excellent AC 
characteristics for voice-band signal processing 
applications such as high performance modems and 
voice recognition systems. 

Delta-sigma modulation, a technique which utilizes 
oversampling followed by a digital decimation process, 
provides a digital output of 84 dB dynamic range, and 
80 dB signal to distortion, for input signals with bandwidths 
from to 10 kHz. 

Crystal's 3 micron CMOS process ensures high reliability 
and power dissipation of less than 250 mW. 

Note: This device was formerly designated the CS531 6. 

ORDERING INFORMATION 

CSZ5316-P 18 pin Plastic, OX - 70" C. 
CSZ5316-ID 18 pin Cerdip. -40X - 85"C. 



Features 

• 16 Bit Resolution / 84 dB Dynamic Range 

• Full Scale Signal to Total Harmonic 

Distortion - 80 dB typ. 

• Output Rate - 20 kHz max. 

• Internal Track and Hold Amplifier 

• On-chip Voltage Reference 

• Linear Phase Digital Filter 

• DSP Compatible Codec-Like Serial 

Interface 

• Low Power Dissipation: 220 mW typ. 



Block Diagram 



AINo 



11 



VD+ VD- 



DGND 



VA+ VA- 



10 
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i9 18 
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ABSOLUTE MAXIMUM RATINGS (dgnd, agnd = ov) 



Parameter 


Symbol 


Min 


Max 


Units 


DC Supply 
Positive Analog 
Negative Analog 
Positive Digital 
Negative Digital (Notei) 


VA+ 
VA- 
VD+ 
VD- 


- 


6.0 
-6.0 

6.0 
-6.0 


V 
V 
V 
V 


Input Voltage 
Any Digital Input 
AIN 


Vin 


DGND - 0.3 
VA- - 0.3 


VD+ +0.3 
VA+ +0.3 


V 
V 


Input Current, Any pin except 
power supplies 

(Note 2) 


lin 


- 


10 


mA 


Ambient Operating Temperature 


Ta 


-55 


125 


°c 


Storage Temperature 


Tstg 


-65 


150 


°c 



Notes: 1 . VD+ must never exceed VA+ by more than +0.3 V. 

2. The CSZ5316 will tolerate a transient input current of up to 100mA without latching up. 

WARNING: Operating this dievice at or beyond these limits may result in permanent damage to the device. 
Normal operation of the part Is not guaranteed at these extremes. 



RECOMMENDED OPERATING CONDITIONS (DGND, agnd = ov) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Supply 
Positive Analog 
Negative Analog 
Positive Digital 
Negative Digital 


>>>> 


4.5 
-4.5 

4.5 
-4.5 


5.0 
-5.0 

5.0 
-5.0 


5.5 
-5.5 

5.5 
-5.5 


V 
V 
V 
V 


Ambient Operating Temp. (Notes) 


Ta 


MIN 


25 


MAX 


°c 


CLKIN Frequency 


fc 


0.01 


- 


5.12 


MHz 



Note: 3. See Ordering information on page 91 . 



Specifications are subject to change without notice. 
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ANALOG CHARACTERISTICS (Note 4) 

(Ta = Tmin-Tmax: VA+ = 5V ± 1 0%; VA- = -5V ± 1 0%; AGND = OV; CLKIN = 4.91 52MHz) 



Parameter 


Symbol 


MIn 


Typ 


Max 


Units 


Input Signal Bandwidth 


BW 





- 


9.6 


kHz 


Input Voltage Range 


Vin 


-2.75 


- 


+2.75 


Vp-p 


Dynamic Range (1 kHz Input) (Note 5) 


DR 


78 


84 


- 


dB 


Slgnal-to-Dlstortlon(lkHz) (Notes) 


SDR 


72 


80 


- 


dB 


Power Dissipation 


Pd 


- 


220 


250 


mW 


AC Input Impedance (1kHz) 


Zin 


- 


30 


- 


kohms 


Absolute Group Delay (Note 7) 


Dg 


78.125 


- 


- 


us 


Power Supply Rejection (1kHz) 

VA+ 

VA- 

VD+ 

VD- (Note 8) 


PSR 


- 


35 
55 
60 
55 




dB 
dB 
dB 
dB 



Notes: 4. Analog characteristics are measured at 4.9152I\/1H2 CLKIN, corresponding to an output rate of 
19.2kHz. The device Is guaranteed to function up to 5.12MHz CLKIN, corresponding to 20kHz 
output, and will typically function, with some degradation in performance, to beyond 6MHz CLKIN 
(see graph of typical dynamic range vs. frequency on page 98). 

5. Full scale signal to noise plus distortion measured with input 20dB below full scale (RMS measurements). 

6. Full scale signal to harmonic distortion measured with input at full scale (RMS measurements). 

7. Group delay is constant with respect to analog input frequency, and is determined by 
the formula Dg = 384/CLKIN. 

8. Power supply rejection increases above 4kHz due to the effect of the on-chip FIR filter. 




DIGITAL CHARACTERISTICS (Ta = Tmin-Tmax; vd+ = 5V ± i o%; vd- = -5V ± i o%; dgnd = ov) 



Paranfieter 


Synfibol 


Min 


Typ 


Max 


Units 


High-Level Input Voltage 
All Except CLKIN ^NoteQ) 


V,H 


2.0 


- 


- 


V 


High-Level Input Voltage 
CLKIN (Note 9) 


V,H 


3.5 


- 


- 


V 


Low-Level Input Voltage 

All Except CLKIN (Note 9) 


V,L 


- 


- 


0.8 


V 


Low-Level Input Voltage 

CLKIN (Note 9) 


V,L 


- 


- 


1.5 


V 


High-Level Output Voltage 

(Note 10) 


Voh 


VD+ -1.0V 


- 


- 


V 


Low-Level Output Voltage 
lout = 1.6 mA 


V 


- 


- 


0.4 


V 


Input Leakage Current 


'lkg 


- 


- 


10 


uA 


TrI-State Leakage Current 


'oz 


- 


- 


10 


uA 


Notes: 9. Input current = 0.5|iA. 

10. lout= -lOO^A. This specification guarantees TTL compatibility. (Voh = 2.4V @ lout= -40|iA) 
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SWITCHING CHARACTERISTICS 

(Ta = Tmin-Tmax; Cl - 50pF; VD+ = 5V ± 10%; VD- = -5V ± 10%; DGND = 



OV) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Output Rise Time ^^^^^ , , ^ 


t rjseout 


- 


15 


20 


ns 


Output Fall Time (Noten) 


t fallout 


- 


15 


20 


ns 


Input Rise Time 


t risein 


- 


20 


1000 


ns 


Input Fall Time 


t fallin 


- 


20 


1000 


ns 


CLKIN Frequency(256 tgy^J (Note 4) 


folk 


- 


- 


5.12 


MHz 


FSYNCPeriod(256/feik) 


^sync 


50 


- 


- 


us 


Setup Times 
CLKIN Rising to FSYNC Rising 
FSYNC Rising to CLKIN Rising 


tsu1 
tsu2 


- 


- 


35 
50 


ns 
ns 


Hold Times 
CLKIN Rising to FSYNC Falling 


th1 





_ 


_ 


ns 


CLKIN Pulse Width ^^^^^^^ 


Jpwh 
tpwl 


40 
40 


•" 




ns 
ns 


Propagation Delays 
DOE Falling to Data Valid 
DOE Rising to Hi-Z 
CLKOUT Rising to Data Valid 
CLKIN Rising to CLKOUT Rising 
CLKIN Rising to CLKOUT Falling 


tphl1 

* plh1 
tplh2 
tplh3 
tplh4 


- 


30 
30 


75 

200 

200 


ns 
ns 
ns 
ns 
ns 



Note: 1 1 . 50pF load (Includes probe and jig capacitance) 
12. tpwh+tpwl=1/fclk 




•-• 

\ 


tfallin 


\ 






\ 



2.0 V 
0.8 V 



riseout 



f 



tfallout 



2.4 V 
0.4 V 
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DOE 
DATA 



Hi-Z 



phl1 



Valid Data 



tzr^piM 



Hi-Z 



^ pwli ^ pwl 



CLKIN 



INTCLK 

(Note 13) 

FSYNC 

(Note 14) 

CLKOUT 



DATA 




^su2 



X 



X 



^su1 



X 



X 



h1 



^ 



^plh3 



X 






A X 

^^ plh2 



J 



plli4 



BIT15X (MSB) X BiT)(l4 



Notes: 13. INTCLK is an internal free-running clock derived by dividing CLKIN by 2. Its phase Is not known 
by the user and may follow either the solid or the dotted line. When the phase is the same as the 
dotted line, CLKOUT and DATA will also behave as shown by the dotted lines. 
14. FSYNC is recognized on the falling edge of INTCLK. To guarantee FSYNC Is recognized, It should 
be generated on the rising edge of CLKIN and must settle within 35ns. It should then remain active 
two CLKIN cycles as shown In the above diagram. 
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SYSTEM DESIGN WITH THE CSZ5316 



Power Supplies 



Overview 

The CSZ5316 functions as a complete data 
conversion subsystem for a voice-band signal 
processing system. The voltage reference, 
sample & hold, and much of the anti-aliasing 
filter required for most applications are all 
implemented on chip. The chip has low power 
dissipation at about 220 mW typical, and has 
excellent power supply rejection, making it less 
sensitive to board layout and power supply 
characteristics than other A/D converters of 
comparable specifications. A general system 
connection diagram is shown in Figure 1. 



Although the CSZ5316 requires less attention to 
grounding and layout arrangements than other 
16-bit A/D converters, care should still be taken. 
Independent analog and digital power supply 
pins are intended to isolate digital noise from the 
analog circuitry. The analog supplies, VA+ 
(pin 1) and VA- (pin 14), should be decoupled 
with respect to analog ground, AGND (pin 15). 
The digital supplies, VD+ (pin 2) and VD- 
(pin 10) should be decoupled with respect to 
digital ground, DGND (pin 4). Decoupling 
should be accomplished with 0.1 |xF ceramic 
capacitors under all circumstances. If significant 
low frequency noise is present in the supplies. 



+5V 

Analog o- 
Supply 



10 
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16 
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0.1 



uFIOuF 
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Figure 1. System Connectioii Diagram 
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10 |iF tantalum capacitors are recommended in 
parallel with the 0.1 |nF capacitors. 

The positive digital power supply of the 
CSZ5316 must never exceed the positive analog 
supply by more than a diode drop or the chip 
could be permanently damaged. If the two sup- 
plies are derived separately, the analog supply 
must come up first at power-up. Figure 1 shows 
a decoupling scheme which allows the CSZ5316 
to be powered from a single set of ± 5V rails. 
The positive digital supply is derived from the 
analog supply through a 10 O resistor to prevent 
the analog supply from dropping below the 
digital supply. 

Digital Design Considerations 

Clocking 

Two clocks should be supplied to the CSZ5316, 
the 5.12 MHz (max) 50% duty cycle master 
clock, input to CLKIN, and the frame 
synchronization clock, input to FSYNC (pin 7). 
The frame synchronization clock rate is the 
master clock rate divided by 256. The FSYNC 
input must be clocked synchronously with the 
master clock and should be derived from the 
master clock. An asynchronous FSYNC pulse 
will reset the digital filter and conversion errors 
will result. 

The output rate may be set as needed by adjust- 
ing the master clock. If the output rate of the 
CSZ5316 must be varied to phase lock to some 
arbitrary signal, the period of the master clock 



may safely be varied to accomplish this as long 
as it is always kept greater than 150 ns. As the 
CLKIN period is reduced below 200 ns, signal to 
noise plus distortion performance will degrade 
smoothly to a typical level of about 70 dB at a 
constant 6.66 MHz CLKIN (150 ns periods). 

The master clock is divided by two on-chip to 
generate an internal clock (INTCLK) used for 
sampling and digital timing. The timing diagram 
on page 95 shows the relationship of this internal 
clock, INTCLK, with CLKIN and FSYNC. 
FSYNC is sampled on the falling edge of 
INTCLK and must be stable at that time. Since 
the phase of INTCLK is not known to the user, 
FSYNC should be generated on CLKIN rising 
edges, settle within 35 ns, and be at least two 
CLKIN periods in length. The internal logic will 
only react to FSYNC transitions from low to 
high, so the maximum length of the pulse is 
governed by the requirement that FSYNC be low 
for one INTCLK falling edge before it returns 
high signalling a new frame. 

Data Output Characteristics & Coding Format 

As shown in figure 2, the CSZ5316 outputs a 
sixteen bit data word in a serial burst at the 
INTCLK rate (the master clock rate divided by 
two). The data is output on DATA (pin 6) on the 
first rising edge of INTCLK after FSYNC has 
been recognized as going high. The data is then 
output on 16 consecutive INTCLK rising edges. 
CLKOUT (pin 5) is a gated version of INTCLK 
that is active while data is being output. Data 
will be stable on the falling Qdgt of CLKOUT. 




CLKIN jmrinnjinjmriJinjLrijmrLm^^ vJianjiJimirLr 

*sync , 

H , ' -.- t H__ 

FSYNC I \ \ ,,_] \ 

CLKOU T n nnnnnnnnnnnnnnn ,, c^ tltlt 

DATA 1 151 141 131 121 111101 9l8l7l6i5l4l3l2l1IOI '' '' M5M4I 

MSB LSB 

(sign bit) 

Figure 2. Data Output 
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After sixteen CLKOUT pulses, DATA will go 
high, and CLKOUT will go low, until the next 
FSYNC rising edge. 

Data read from the CSZ5316 is a two's comple- 
ment digital representation of the analog input. 
The most significant bit (MSB), which is the 
sign bit, is output first in the serial data stream. 
Bits are output in descending order to the least 
significant bit (LSB). 



A tri-state option, data output enable, DOE 
(pin 3), is available for bus oriented applications. 
However, it is asynchr onous with respect to the 
rest of the CSZ5316. If DOE goes high during a 
data burst, DATA goes to a h igh impedance state. 
Any data output while DOE is high is lost. 

Analog Design Considerations 

DC Characteristics 

The CSZ5316 is intended for signal acquisition, 
or AC applications. Its absolute offset and gain 
characteristics are not specified and will vary 
with temperature. If the CSZ5316 is used k an 
application where DC measurement is important, 
a system level calibration scheme to adjust for 
gain and offset errors is recommended. 

The Analog Input Range 

The input range of the CSZ5316 is ± 2.75 volts. 
Internal voltage references set the analog input 
full-scale to the ± 2.75V limit. Note that 
differences in ground potential between the 
analog input common and AGND will appear as 
a signal added at the input of the device. 

Dynamic Range 



input bandwidth. The unfiltered portion of the 
original input bandwidth can then be described 
with fewer output samples, according to the 
Nyquist criterion. For example, if the input 
bandwidth is cut in half with the digital lowpass 
filter, the unfiltered portion can now be 
described by dropping every other output 
sample, a process known as decimation. 



Input Bandwidth 


Dynamic Range 


Min 


Max 


Units 


Typical 


Units 





5 


l<Hz 


88 


dB 





2.5 


l<Hz 


90 


dB 



Table 1. Dynamic Range with Additional 
Digital Filtering 



DR 
-90 

-80 
-70 
-60 



(dB) 



_CLKIN 
(MHz) 



Figure 3. Typical Dynamic Range vs. CLKIN 
Frequency at 1 kHz Input 



Antialiasing Considerations 

The two sources of potential aliasing in the 
CSZ5316 are the initial sampling of the analog 
input and the digital decimation process. 



Initial Sampling 



Processing the output of the CSZ5316 with a 
digital lowpass filter serves to increase the 
dynamic range of the unfiltered portion of the 
input bandwidth by eliminating the noise energy 
contributed by the filtered portion of the original 



The analog input, AIN, is sampled at the 
INTCLK rate (1/2 CLKIN) by an on-chip track 
and hold amplifier. Input frequencies above 
1/2 INTCLK (the Nyquist frequency) will alias, 
or wrap, around 1/2 INTCLK such that input 
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Note: Distortion due to tliis filter will be coded as distortion by 
tlie CSZ5316. Therefore a low distortion high frequency 
capacitor such as NPO-ceramic is recommended. 

Figure 4. Antialiasing Filter 



frequencies in the region of INTCLK will appear 
as noise in the band of interest If signals in this 
region are expected, a simple single-pole low- 
pass antialiasing filter can be used as shown in 
Figure 4. This filter ensures that any noise 
generated by aliasing around 1/2 INTCLK (at 
1.28 MHz) is attenuated by at least 40 dB. Use 
of other CLKIN rates may require that the cutoff 
frequency of the filter shown be adjusted. 

Decimation 

The output of the first stage of the CSZ5316, the 
delta-sigma modulator, is fed into an on-chip 
low-pass digital filter which has the frequency 
response defined in Figure 5. The output of the 



filter is then decimated such that the sampling 
rate is reduced from the INTCLK rate to 
F = INTCLK/128. This means that the output of 
the digital filter is effectively resampled at rate F, 
which has aliasing implications. Signals at 
multiples of F will alias into the baseband (wrap 
around multiples of F/2) after being attenuated 
according to the filter response defined 
in Figure 5. For example, if F = 20 kHz 
(INTCLK = 2.56 MHz), an input tone at 28 kHz 
will be attenuated by 39.9 dB and will appear at 
8 kHz in the output spectrum. 

Antialiasing to compensate for the effect of 
sample rate reduction, or decimation, in the 
CSZ5316 wiU depend upon the input bandwidth 
desired. 

'FI4 Input Bandwidth 

If the band of interest is from to F/4, an off- 
chip low-pass filter and decimation step to 
reduce the output rate to F/2 and reject the band 
greater than F/4 is recommended. This increases 
the dynamic range of the CSZ5316 and eases the 
antialiasing task. Signals from 3F/4 to F will 
alias into the to F/4 band but will be attenuated 




20 log ( f.'".^^^!I? \\= Magnitude (dB) 
' ^ ' / I Where T= 1/f 



EXAMPLES: 



for fg= 2.56 MHz 



at f = 5 kHz Magnitude is -2.74 dB 
at f = 10 kHz Magnitude is -1 1 .8 dB 



2/fcik 
N=128 

fg= input sampling frequency 
f = Input frequency 
F = fg/l 28 =output data rate 



Mag|H(eiw|) (dB) 




iir~;i^-^r^r^ ^ • zt i ^ "^r 



Frequency (kHz) 



Figure 5. Low-Pass Filter Response 
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at least 3L4dB by the on-chip filter. Aliased 
signals can be attenuated further by an analog 
antialiasing filter preceding the CSZ5316. 

The F/2 data rate, needed to describe the to F/4 
input band, can also be obtained by simply drop- 
ping every other output of the CSZ5316. If this 
is done, input signals will now alias around 
multiples of F/4 (including the band from F/4 to 
F/2 which is minimally attenuated by the on-chip 
filter), and a more complex analog antiahasing 
filter is required. The analog filter's response 
will still be added to the response of the on-chip 
FIR filter however, so the analog filter's 
complexity will be slightly less than that 
required for a traditional A/D converter. 

-F/2 Input Bandwidth 

If the band from F/4 to F/2 is also of interest, an 
analog antialiasing filter must be used. The filter 
complexity required will be similar to the case 
where output samples are dropped to obtain the 
F/2 output rate described abdve. Also, the 
attenuation of input signals in this band by the 
on-chip digital filter must be taken into account 
(see Figure 5). 

See Application Note ''Antialiasing Considera- 
tions for the CSZ5316" for a more detailed dis- 
cussion. 
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CSZ5316 PERFORMANCE 



The CSZ5316 features 100% tested dynamic 
performance. The following section is included 
to illustrate the test method used for the 
CSZ5316, the CSZ5316's error sources, and 
their effect on a signal's spectral content. 

FFT Tests and Windowing 

The CSZ5316 is tested using Fast Fourier Trans- 
form (FFT) techniques to analyze the converter's 
dynamic performance. A pure sine wave is 
applied to the CSZ5316 and a "time record" of 
1024 samples is captured and processed. The 
FFT algorithm analyzes the spectral content of 
the digital waveform and distributes its energy 
among 512 "frequency bins". Assuming an ideal 
sinewave, distribution of energy in bins outside 
of the fundamental and DC can only be due to 
quantization effects and errors in the CSZ5316. 

If sampling is not synchronized to the input 
sinewave it is highly unlikely that the time 
record will contain an exact integer number of 
periods of the input signal. However, the FFT 
assumes that the signal is periodic, and will 
calculate the spectrum of a signal that appears to 
have large discontinuities, thereby yielding a 
severely distorted spectrum. To avoid this 
problem, the time record is multiplied by a 
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Figure 6. CSZ5316 Dynamic Performance 
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window function prior to performing the FFT. 
The window function smoothly forces the 
endpoints of the time record to zero, removing 
the discontinuities. The effect of the "window" in 
the frequency domain is to convolute the 
spectrum of the window with that of the actual 
input. 

The quality of the window used for harmonic 
analysis is typically judged by its highest side- 
lobe level. The Blackman-Harris window used to 
test the CSZ5316 has a maximum side-lobe level 
of-92dB. 

Figure 6 shows an FFT plot of a typical 
CSZ5316 with a 1 KHz sinewave input 
generated by an "ultra-pure" sine wave generator 
and the output multiplied by a Blackman-Harris 
window. Artifacts of windowing are discarded 
from the signal-to-noise calculation using the 
assumption that quantization noise is white. All 
FFT plots in this data sheet were derived by 
averaging the FFT results from ten time records. 
This filters the spectral variability that can arise 
from capturing finite time records, without dis- 
turbing the total energy outside the fundamental. 
All harmonics and tiie -92 dB side-lobes from 
the Blackman-Harris window are therefore 
clearly visible in the plots. 



Full - scale - signal - to - noise - plus - distortion 
[S/(N+D)] is calculated as the ratio of the RMS 
power of the fundamental to the sum of the RMS 
power of the FFT's other frequency bins, which 
include both noise and distortion. Full-scale- 
signal-to-noise is calculated in the same way but 
excludes frequency bins where harmonics are 
expected. In this case, signal-to-noise-plus- 
distortion is shown to be better than 84 dB for an 
input frequency range of to 9.6 kHz (fs/2). 

The graph in Figure 7 is also derived from 
measurements taken of a CSZ5316 and shows 
the linear relationship between input signal level 
and signal-to-noise-plus-distortion. The dotted 
line beginning at a signal level of about -40 dB 
indicates the range of performance variation that 
can be expected from CSZ5316's at low input 
signal levels. Any input signal greater than 
-40 dB, regardless of frequency, will keep the 
S/(N+D) performance relative to the signal of 
interest on the solid line. However, if no input 
signal greater than -40 dB is present, the perfor- 
mance of a CSZ5316 may vary to the limit 
indicated by the dotted line. 




^V 




Figure 7. Typical Signal to Noise plus Distortion vs. Input Signal Level 
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Error Sources in the CSZ5316 

Noise 

The noise floor of an ideal 16 bit A/D converter 
is -98.08 dB, determined by the formula 
6.02N+L76, where N is the number of bits of the 
converter's resolution. This noise, called quan- 
tization noise, is a consequence of errors 
generated by digitizing any continuous time 
signal. Each A/D conversion approximates an 
analog value with a digital value, and the 
difference between the analog input and the 
digital approximation is the quantization error. 
Quantization noise is typically assumed to be 
white, spread evenly between DC and the input 
sampling frequency. 

If the integrated noise of an A/D converter is any 
higher than -98.08 dB, other noise sources are 
present in the device. In the case of the CS2^316 
(typical noise floor -84 dB for O-F/2 bandwidth 
and -90 dB for O-F/4) the additional noise comes 
mainly from "l/f noise sources, and aliasing of 
quantization noise. 

"l/f noise is so named because the noise energy 
is roughly inversely proportional to the noise 
frequency, l/f noise is caused by "surface 
effects" on the chip and it varies with the semi- 
conductor process. 



Aliasing of quantization noise from higher fre- 
quency bands occurs due to the effect of the 
decimation filter (as described in Antialiasing 
Considerations), Aliasing of quantization noise 
accounts for much of the additional noise of the 
CSZ5316. In contrast, the contribution of ther- 
mal noise to the noise floor of the CSZ5316 is 
negligible due to the effect of the same on-chip 
decimation filter. 

Distortion 

The primary cause of harmonic distortion in the 
CSZ5316 is a phenomenon called charge 
injection. Charge injection is a consequence of 
non-ideal switches being used to switch charge 
between capacitors on the chip, and is a non- 
linear function of the voltage involved, in this 
case, the analog input voltage. Charge injection 
results in some minor linearity errors in the 
CSZ5316, which translates into harmonic 
distortion in the frequency domain. 

Harmonic distortion characteristics of the 
CSZ5316 are excellent at 80 dB full scale signal 
to THD (typical), as are intermodulation 
distortion characteristics, shown in Figure 8. 
Intermodulation distortion results from the 
modulation of two or more input frequencies by 
a non-linear transfer function. 
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Figure 8. Intermodulation Distortion 
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PIN DESCRIPTIONS 



POSITIVE ANALOG POWER VA+ 

POSITIVE DIGITAL POWER VD+ 

DATA OUTPUT ENABLE DOE 

DIGITAL GROUND DGND 

DATA CLOCK OUTPUT CLKOUT 

DATA OUTPUT DATA 

FRAME SYNC FSYNC 

NO CONNECTION N.C. 

CLOCK INPUT CLKIN 



# 


\^ 


LI 


18. 


[2 


17] 


[3 


16] 


[4 


15] 


[5 


14] 


[6 


13] 


[7 


12] 


[8 


11] 


[9 


10] 



TEST3 


TEST3 


TEST2 


TEST2 


TEST1 


TEST1 


AGND 


ANALOG GROUND 


VA- 


NEGATIVE ANALOG POWER 


REFBUF- 


NEGATIVE REFERENCE BUFFER 


REFBUF-i- 


POSITIVE REFERENCE BUFFER 


AIN 


ANALOG INPUT 


VD- 


NEGATIVE DIGITAL POWER 



Power Supplies 

VD+ - Positive Digital Power, PIN 2. 

Positive digital supply voltage. 5 volts typical. 

VD- - Negative Digital Power, PIN 10. 

Negative digital supply voltage. -5 volts typical. 

DGND - Digital Ground, PIN 4. 

Digital ground reference. volts typical. 

VA+ - Positive Analog Power, PIN 1. 

Positive analog supply voltage. 5 volts typical. 

VA- - Negative Analog Power, PIN 14. 

Negative analog supply voltage. -5 volts typical. 

AGND - Analog Ground, PIN 15. 

Analog ground reference. volts typical. 




Oscillator 

CLKIN - Clock Input, PIN 9. 

Master clock input. CMOS compatible input, for a 5.12 MHz (maximum) clock generated 
externally. 

N.C. - No Connection, PIN 8. 

This pin is not bonded to the chip and must be left floating. 
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Inputs 

AIN - Analog Input, PIN 11. 

Analog input for the signal to be converted. 

FSYNC - Frame Sync, Pin 7. 

Frame synchronization pulse input. A pulse with frequency CLKIN/256 is applied to this pin to 
start data output and synchronize internal circuitry. 



DOE - Data Output finable, PIN 3. 

Three-state control for DATA. When low, DATA is active and when high, DATA is in a high 
impedance state. 

TESTl; TEST2; TEST3 - Test Inputs, PINS 16; 17; 18. 

For factory use. Tied to digital ground during operation. 



Outputs 

DATA - Data Output, PIN 6. 

Serial data output pin. Converted data is clocked out on this pin by CLKOUT. 

CLKOUT - Data Output Clock, PIN 5. 

Data output clock. See the section on Data Output Characteristics (p. 97) for a complete 
explanation. 

REFBUF+ - Positive Voltage Reference Noise Buffer, PIN 12. 

Pin used to attenuate noise on the internal positive voltage reference. Should be connected to 
the analog ground through a 0.1 jxF ceramic capacitor. 

REFBUF- - Negative Voltage Reference Noise Buffer, PIN 13. 

Pin used to attenuate noise on the internal negative voltage reference. Should be connected to 
the analog ground through a 0.1 jjF ceramic capacitor. 
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APPENDIX 

THEORY OF OPERATION 

The CSZ5316 is an "oversampling" A/D con- 
verter making use of a "delta-sigma" modulation 
loop followed by a finite impulse response (FIR) 
digital filter. Oversampling refers to the fact that 
the analog input is sampled at a rate far greater 
than twice the highest frequency of interest as 
required by the Nyquist theorem. The A/D 
conversion actually takes place in the modulation 
loop while the filter is used both to convert the 
modulation loop output to a DSP compatible 
format and to filter frequencies higher than the 
band of interest. 

The fundamental principle behind delta-sigma 
conversion is that of a rough single bit A/D 
converter embedded in an analog negative feed- 
back loop with high open loop gain. 

The Voltage-Follower Analogy 

A comparison can be made with the simple 
voltage-follower op amp circuit shown in Figure 
Al. Output stage noise sources are represented 
by en. At low frequencies, en has little effect on 
the analog output. The two differential amplifier 
input devices dominate the noise. The linearity 
of the amplifier is excellent as long as the open 
loop gain is high. 




Figure Al. Op amp Voltage-Follower 



Vin>^ + 



Digital 
Output 




Figure A2. Delta-Sigma Modulation Loop 



In the case of the delta-sigma modulation loop 
shown in Figure A2, the ADC-DAC combination 
creates a unity gain signal path much like the op 
amp output stage of Figure Al. Here, en is 
dominated by the random errors of quantization, 
or quantization noise. 

The high performance of the CSZ5316 can be 
understood by analogy to the voltage-follower 
circuit. First, the quantization noise of the 
comparator is white, spread uniformly in 
frequency between DC and the high sampling 
rate. Second, at low frequencies, the gain from en 
to the digital output is very low. As a result, 
because of the high frequency oversampling 
process, when the modulator output is processed 
by a digital lowpass filter, a high resolution, low 
noise representation of the low frequency input 
signal is obtained. This lowpass filter function, 
as well as decimation of the high speed (input 
sampling rate) output to a rate 256 times lower, 
is accomplished by the 384th order FIR filter on 
theCSZ5316. 

Because the ADC on the CSZ5316 is a com- 
parator and the DAC has only two output levels, 
plus and minus full scale, both blocks are 
inherently linear. Overall modulator linearity is 
limited only by imperfections in the sample & 
hold and analog gain stage, or integrator. 
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Modulation-Loop Walk Through 

The delta-sigma A/D converter can be under- 
stood more intuitively by demonstration. A 
simple first order delta-sigma modulation loop is 
shown in figure A2. Full scale input is ± IV and 
nodes are labeled Vi, V2, and V3 representing 
the outputs of the differential amplifier, 
the switched-capacitor integrator, and the 
comparator respectively. The output of the 
comparator, node V3, is the output of the loop 
(input to the digital decimation filter) and will be 
converted into plus or minus full scale (+1 or -1) 
by the DAC. At the differential amplifier, the 1 
or -1 is subtracted from the analog input voltage 
and the result, the voltage at node Vi, is input to 
the switched-capacitor integrator. The switched- 
capacitor integrator acts as an analog 
accumulator; ie. the input voltage, at node Vi, is 
added to the voltage on node V2 and the sum of 
the two becomes the new voltage on node V2. 
Node V2 is then compared to ground and 
generates a 1 on node V3 if greater than ground 
and a -1 if less. This completes the loop. Each 
operation occurs once during each clock cycle. 

An example is shown in Table A. If all of the 
nodes are initially set to and the analog input 
voltage is set to .6V, the state of each node for 



8 clock cycles is shown in the table. Since the 
voltages on each node in clock cycle 2 and clock 
cycle 7 are identical, the period defined by clock 
cycles 2 through 6 will repeat if the analog input 
remains unchanged. Therefore, the average value 
of node V3 for that period, .6, reflects the 
average value of any large number of node V3 
values. In other words, the average value of a 
number of the single bit modulation loop outputs 
is a numerical representation of the value of the 
analog input. 

As pointed out in the initial discussion, this 
process is only valid for low frequency inputs. 
For a given sampling frequency, the accuracy 
achievable degrades as the input frequency 
increases. In the case of the CSZ5316, a 384th 
order FIR digital filter is used both to decimate 
(reduce the sampling rate of) the output of the 
modulation loop to sixteen bit words at 20 kHz 
max output rate and to filter out higher frequen- 
cy components of the input. 

This example is a simplification of the actual 
process taking place in the CSZ5316. The simple 
averaging step shown does not extract any infor- 
mation from the sequence of the pattern, while 
the weighted averaging process actually used on 
the chip extracts that information, resulting in a 



Clock Period 


V1 

Diff. Amp. 

Out 


V2 

Integrator 
Out 


V3 

Comparator/DAC 

Out 


Period 
Average 
















1 


.6 


.6 


1 




2 


-.4 


.2 


1^ 






3 


-.4 


-.2 


-1 






4 


1.6 


1.4 


1 


Period 


.6 


5 


-.4 


1.0 


1 






6 


-.4 


.6 


1 






7 


-.4 


.2 


1^ 




8 


-.4 


-.2 


-1 





Table A. 
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sharper frequency response for the FIR filter. 
Also, the CSZ5316 actually makes use of a 
second order delta-sigma modulation loop, rather 
than a first order loop. This serves to increase the 
gain in the loop and, in turn, increases the 
dynamic range of the device. In fact, for a given 
input frequency band, a second order delta-sigma 
modulation loop will realize a 15 dB improve- 
ment in dynamic range every time the sampling 
rate is doubled, while a first order loop realizes 
only a 9 dB improvement. A first order version 
of the CSZ5316 could achieve only -72 dB of 
dynamic range compared to ~90 dB for the 
CSZ5316, for the nominal 0-5 kHz input range. 

The CSZ5316's maximum output rate of 20 kHz, 
twice the 10 kHz Nyquist rate of the nominal 
input bandwidth (0-5 kHz), was implemented to 
give the user the option of doubling the input 
bandwidth (0-10 kHz) keeping in mind the 
attenuation effects of the digital filter in the 
5-10 kHz region. Several system design options 
are available, depending upon input bandwidth 
requirements, as described in this data sheet in 
the section on antialiasing considerations. 
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16'Bit, 20kHz Oversampling A/D Converter 



Features 

• Complete Voiceband DSP Front-End 

16-Bit A/D Converter 
Internal Track/Hold Amplifier 
On-chip Voltage Reference 
Linear-Phase Digital Filter 

• On-Chip PLL for Simplified Output 
Phase Locking in Modem Applications 

• 84dB Dynamic Range 

• 80dB Total Harmonic Distortion 

• Output Word Rates up to 20kHz 

• DSP-Compatible Serial Interface 

• Low Power Dissipation: 280mW 



General Description 

The CSZ5317 is an ideal analog front-end for voiceband 
signal processing applications such as high-performance 
modems, passive sonar, and voice recognition systems. 
It includes a 16-bit A/D converter with internal track/hold 
amplifier, a voltage reference, and a linear-phase digital 
filter. 

An on-chip phase-lock loop (PLL) circuit simplifies the 
CSZ5317's use in applications where the output word 
rate must be locked to an external sampling signal. 

The CSZ5317 uses delta-sigma modulation to achieve 
16-bit output word rates up to 20kHz. The delta-sigma 
technique utilizes oversampling followed by a digital 
filtering and decimation process. The combination of 
oversampling and digital filtering greatly eases anti-alias 
requirements. Thus, the CSZ531 7 offers 84dB dynamic 
range and 80dB THD for signal bandwidths up to 1 0kHz 
at a fraction of the cost of hybrid and discrete solutions. 

The CSZ5317's advanced CMOS construction provides 
low power consumption of 280mW and the inherent 
reliability of monolithic devices. 
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12'Bit, 1MHz Self-C alibrating A/D Converter 

Features 

• Monolithic CMOS Sampling ADC 



On-Chip Track and Hold Amplifier 
Microprocessor Interface 

• Throughput Rates up to 1MHz 

• True 12-Bit Accuracy over Terhperature 

Maximum Nonlinearity: 1/2 LSB 
No Missing Codes to 1 2 Bits 

• Total Harmonic Distortion: 0.02% 

• Dynamic Range: 72dB 

• Self-Calibration Maintains Accuracy 
over Time and Temperature 

• Low Power Dissipation: 700m W 



General Description 

The CSZ5412 CMOS analog to digital converter provides a 
true 12-bit representation of an analog input signal at 
sampling rates up to 1MHz. To achieve high throughput, 
the CSZ541 2 uses pipelined acquisition and settling times 
as well as overlapped conversion cycles. 

Unique self-calibration circuity, which can be accessed in 
hardware or software, insures 1 2-blt accuracy over time 
and temperature and eliminates the need for manual 
calibration of any kind. Also, a background calibration 
process constantly adjusts the converter's linearity, thereby 
insuring superior harmonic distortion and signal-to- 
noise performance throughout operating life. 

The CSZ5412's advanced CMOS construction provides 
low power consumption of 700mW and the inherent 
reliability of monolithic devices. 
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ANALOG CHARACTERISTICS (Ta - 25°C (Note 1); All VA+ pins. VD+ = 5V; 

All VA- pins, VD- = -5V; VREF+ = +1 .5V; VREF- = -1 .5V; fcLK = 8MHz for -1 , 4MHz for -2; 1 00 kHz Full Scale 

Input SInewave; Continuous Convert Mode unless othen/vise specified). 



Parameter* 


CSZ5412-J,K 
min typ max 


CSZ5412-A,B 
min typ max 


CSZ541 2-8,1 
min typ max 


Units 


Resolution 


12 


12 


12 


Bits 


Specified Temperature Range 


0to70 


-40 to +85 


-55 to +125 


'C 


Dynamic Performance 


Peak Harmonic or Spurious Noise, . ^ 

25rc -JjA.s 

100kHz Input -KB,T 

Tmin toT^ax:iJ;A.S 

490kHz Input ^"^^^^^^ g a.S 

Xb.t 


74 

77 
TBD 
TBD 


76 
79 
75 
75 

75 
75 


74 

77 
TBD 
TBD 


76 
79 
75 
75 

75 
75 




74 

77 
TBD 
TBD 


76 
79 
75 
75 
75 
75 


dB 


Total Harmonic Distortion ;;j^A,S 


0.02 
0.02 


0.02 
0.02 


0.02 
0.02 


% 


Signal-to-(Noise plus Distortion) 

OdB Input (Full Scale) "^^ ^ -K.BJ 

(Note1) '^'^'^ 
-40dB Input -J^A.S 

-K,B,T 


65 

68 

TBD 
TBD 


67 

70 

67 
70 

32 
32 


65 
68 

TBD 
TBD 


67 

70 

67 
70 

32 
32 




65 
68 

TBD 
TBD 


67 

70 

67 
70 

32 
32 


dB 


dc Accuracy 


Linearity Error 

^AS T^intoT^^ax 

-K,B,T Tmin toTmoy 
(Note1) "^'" ^^ 


±3/4 ±1 
±3/8 ±1/2 




±3/4 
±3/8 


±1 
±1/2 


TBD TBD 
TBD TBD 


LSB 


Differential Linearity 

JAS T^jntoT^g^x 

(Notel) '^'^'^ TmintoT^riax 


Nc 
±0.9 


> Missinc 


] Codes Guaran 
±0.9 


teed 

TBD 


LSB 


Full Scale Error ^min ^°^max 


±1/2 


±1/2 


±3/4 


LSB 


Offset Error (Note 2) T^jn ^ T^^x 


±1/2 


±1/2 


±3/4 


LSB 



Notes: 1 . All Tmin to Tmax specifications apply after calibration at the temperature of interest. 

Temperatures specified define ambient conditions In free-air during test and do not refer 
to the junction temperature of the device. 
2. Worst case conditions: unipolar (VREF- = OV) or bipolar (VREF- = -1 .5V) input range. 

* RefertoDef/n/f/onson page 127. 



Specifications are subject to change without notice. 
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ANALOG CHARACTERISTICS (Continued) 



Parameter 


CSZ5412.J,K 
min typ max 


CSZ5412-A,B 
min typ max 


CSZ5412-S,T 
min typ max 


Units 


Analog Input 


Aperture Time 


35 


35 


35 


ns 


Aperture Jitter 


50 


50 


50 


ps, rms 


Input Bandwidth 

Small Signal, -3dB (Note 3) 
Full Power, -3dB 


4 
3 


4 
3 


4 
3 


I^Hz 
MHz 


Overvoltage Recovery Time (Note 4) 


1 


1 


1 


us 


Analog Input Impedance at dc 


10 


10 


10 


Mohms 


Input Capacitance VREF- pin 
AIN, VREF+ pins 


50 
10 


50 

10 


50 
10 


PF 
PF 


Conversion & Throughput 


Conversion Time -1 
(Notes 5, 6) -2 


1.25 
2.5 




1.375 
2.75 


1.25 
2.5 




1.375 
2.75 


1.25 
2.5 




1.375 
2.75 


us 
us 


Throughput Rate -1 
(Note 6) -2 


1 
0.5 


1 
0.5 


1 
0.5 


MHz 
MHz 


Acquisition Time (Note 7) 


300 


300 


300 


ns 


Power Supplies 


Power Supply Current (Note 8) 

'A+ 
lA- 

'd- 




65 
-65 

5 
-5 


TBD 
TBD 
TBD 
TBD 




65 
-65 

5 
-5 


TBD 
TBD 
TBD 
TBD 




65 
-65 

5 
-5 


TBD 
TBD 
TBD 
TBD 


mA 
mA 
mA 
mA 


Power Dissipation (Note 8) 




700 


TBD 




700 


TBD 




700 


TBD 


mW 


Power Supply Rejection 

Positive Supplies 
Negative Supplies 


TBD 
TBD 


TBD 
TBD 


TBD 
TBD 


dB 
dB 




Notes: 3. Input 40 dB below full scale. 

4. Temporary overrange input conditions of less than 0.5V beyond the references will not affect 
subsequent conversions. If the sampled analog Input exceeds either reference voltage by greater 
than 0.5V, the CSZ5412 may requi re 4288 master clock cycles t o recov er to 12-bit accuracy. 

5. Measured from falling transition on HOLD to falling transition on DRDY. 

6. Applies for conversions triggered externally. In Continuous Convert mode throughput proceeds at 
one-eighth the master clock frequency with a fixed 10 clock cycle conversion time. 

7. The internal track-and-hold returns to the track mode on the fourth master clock cycle after the start 
of a conversion cycle. It Is guaranteed to acquire a full-scale step to 12-blt accuracy while operating 
at full throughput. 

8. All outputs unloaded. All inputs CMOS levels. 
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SWITCHING CHARACTERISTICS (Ta = Tmin to Tmax; All VA+ pins, VD+ = 5V ± 5%; 
All VA- pins, VD- = -5V ± 5%; Inputs: Logic = OV, Logic 1 = VD+; Cl = 50 pF). 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Master Clock Frequency: -1 

-2 


fcLK 


TBD 
TBD 


- 


8 
4 


MHz 
MHz 


Master Clock Duty Cycle 


- 


40 


- 


60 


% 


Rise Times: Any Digital Input (Note 9) 
Any Digital Output 


trise 


- 


20 


1.0 


us 
ns 


Fall Times: Any Digital Input (Note 9) 
Any Digital Output 


*fall 


- 


20 


1.0 


us 
ns 


Hold/Master Clock Phase Relationship 


tha 
thb 
the 
thd 


50 
30 
50 
30 


- 




ns 
ns 
ns 
ns 


State 7 to HOLD Low 
HOLD Low to State 


State to HOLD High 
HOLD High to State 7 


Conversion Time (Note 1 0) 


tc 


10 


- 


11 


MCC* 




tdpw 


- 


3 




MCC* 


DRDY Pulse Width 


Data Delay Time 


tdd 


- 


40 


TBD 


ns 


Access Times: CS Low to Data Valid 
(Note 11) RD Low to Data Valid 


tcsa 
trda 


- 


90 
90 


TBD 
TBD 


ns 
ns 


Output Float Delay: 

CS or RD High to Output Hi-Z 


tfd 


- 


50 


TBD 


ns 


Set Up Times: CAL toCSLow 


tcs 


TBD 


10 


- 


ns 


Hold Times: CS High to CAL Invalid 


tch 


TBD 


20 


- 


ns 


Cal Pulse Width: CAL and CS Low 


tcsh 


2 


- 


4096 


MCC* 


RST Pulse Width 


trpw 


2 


- 


4096 


MCC* 



Notes: 9. Any digital input except HOLD and CLKIN, which should be driven with signals which have rise and 
fall times of at least 25 ns. 

10. Conversion time In the Continuous Convert mode is a fixed 10 clock cycles. 

1 1 . Data goes valid when both CS and RD are low simultaneously. Each access time assumes the other 
control Input is already low or falls concurrently. 

* MCC = Master Clock Cycles 
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DIGITAL CHARACTERISTICS (Ta * Tmm to Tmax; All VA+ pins, VD+ = 5V ± 5%; 
All VA- pins, VD- = -5V ± 5%) All measurements below are performed under static conditions. 



Parameter 


Symbol 


Mln 


Typ 


Max 


Units 


High-level Input Voltage (Note 1 2) 


V|H 


2.0 


- 


- 


V 


Low-Level Input Voltage (Note 1 2) 


VjL 


- 


- 


0.8 


V 


High-Level Output Voltage (Note 1 3) 


VOH 


VD+-1.0V 


- 


- 


V 


Low-Level Output Voltage lout = 1 .6mA 


Vol 


- 


- 


0.4 


V 


Input Leakage Current 


'in 


-10 


- 


+10 


uA 


3-State Leakage Current 


'oz 


-10 


- 


+10 


uA 


Digital Output Pin Capacitance 


Cout 


- 


9 


- 


pF 



Note: 1 2. All pins except HOLD and CLKIN which accept only CMOS-compatible inputs (Vil = 0.5V and 
ViH = VD+ - 0.5V). 
13. Iout=-100^A. This specification guarantees TTL compatibility (VoH = 2.4V @ lout=-40MA). 

RECOMMENDED OPERATING CONDITIONS (AGND, dgnd = ov, see note 14). 



Parameter 


Symbol 


Mln 


Typ 


Max 


Units 


DC Power Supplies: Positive Digital 


VD+ 


4.75 


5.0 


VA2+, VA5+ 


V 


Negative Digital 


VD- 


-4.75 


-5.0 


-5.25 


V 


Positive Analog 


VA1+-VA5+ 


4.75 


5.0 


5.25 


V 


Negative Analog 


VA1--VA3- 


-4.75 


-5.0 


-5.25 


V 


Analog Input Voltage 


Vain 


VREF- 


- 


VREF+ 


V 


Analog Reference Voltages 












Unipolar Input Range 


VREF+ 


2.0 


- 


3.0 


V 




VREF- 


- 


AGND 


- 


V 


Bipolar Input Range 


VREF+ 


1.0 


- 


1.5 


V 




VREF- 


-1.0 


- 


-1.5 


V 



Notes: 14. All voltages with respect to ground. 

ABSOLUTE MAXIMUM RATINGS (AGND, dgnd - OV. all voltages with respect to ground). 



Parameter 


Symbol 


Mln 


Max 


Units 


DC Power Supplies: Positive Digital 
Negative Digital 
Positive Analog (Note 15) 
Negative Analog 


VD+ 

VD- 
VA1+-VA5+ 
VA1--VA3- 


-0.3 
0.3 

-0.3 
0.3 


VA2+,VA5+ + 0.3 
-6.0 
6.0 
-6.0 


V 
V 
V 
V 


Input Current, Any Pin Except Supplies (Note 1 6) 


lin 


- 


+10 


mA 


Analog Input Voltage (AIN and VREF pins) 


V,NA 


VA1--VA3--0.3 


VA2+,VA5+ + 0.3 


V 


Digital Input Voltage 


V,ND 


-0.3 


VA2+.VA5+ + 0.3 


V 


Ambient Operating Temperature 


Ta 


-55 


125 


«C 


Storage Temperature 


Tstg 


-65 


150 


''C 



Notes: 15. VA1+, VA3+, VA4+ must never exceed VA2+ and VA5+ by more than 0.3V. 
1 6. Transient currents of up to 1 00mA will not cause SCR latch-up. 

WARNING: Operation at or beyond these limits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 
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THEORY OF OPERATION 

To achieve high speed and high accuracy, the 
CSZ5412 implements a standard 2-step flash 
A/D conversion using a self-calibrating architec- 
ture. Throughput is further maximized using 
pipelined acquisition and settling times as well 
as overlapped conversion cycles. 

2'Step Flash AID Conversion 

The fastest method of performing A/D conver- 
sion is the brute-force single-step flash approach, 
for which an N-bit conversion involves compar- 
ing the analog input to 2 -1 graduated voltage 
levels. The outputs from the 2 -1 comparators 
are then processed and encoded into the proper 
binary format The major limitation to this tech- 
nique is that the number (and accuracy require- 
ments) of comparators doubles with each addi- 
tional bit of resolution. Thus, single-step flash 
converters are impractical today at greater than 8 
or 10 bits of resolution. 

The 2-step technique that the CSZ5412 uses 
employs slightly more complex sub-circuit 
blocks to achieve high resolution and results in 
negligible speed degradation. As shown in 
Figure 1, the CSZ5412 consists of a track-and- 
hold amplifier {T/Hi), a 6-bit flash ADC, a 6-bit 
DAC, and a differential amplifier. When the con- 
vert command is issued, TlHi holds the analog 
input signal and the flash ADC converts the six 



MSB's (most-significant-bits) of the output 
word. The MSB's, once decoded, are latched. 
The flash converter's output is also loaded into 
the DAC. The DAC's output therefore represents 
the analog input less the quantization error of the 
first 6-bit flash conversion. This signal is then 
subtracted from the original analog input to yield 
the quantization error, which is tiien multiplied 
by 64 (2 ) and again applied to the flash ADC to 
yield the six LSB's (least-significant-bits). In ef- 
fect, the first 6-bit flash forms the transfer func- 
tion into 64 segments which are then filled in 
with 64 codes each by the second 6-bit flash. 
This yields a total of 4096 codes (64x64) for 12- 
bit resolution. 

Calibration 

The CSZ5412 uses several calibration techniques 
to insure 12-bit accuracy over time and tempera- 
ture. A unique reference generating circuit 
provides the 64 graduated reference levels for 
the flash ADC and DAC. Critical to the 
CSZ5412's overall linearity, these references are 
continually adjusted to 12-bit accuracy during 
device operation. This background adjustment 
process is completely transparent to the user and 
results in less than ±1/2 LSB nonlinearity. Also, 
all comparators in the flash ADC are auto-zeroed 
to avoid differential linearity errors at the 64 seg- 
ment boundaries due to noise and/or offsets in 
the comparators. 




Analog Track/Hold 
Input jv^mplifier 

O— T/HV>f 

Hold/ 
Convert 



Track/Hold 
Amplifier* 



6 MSB's 




* Used in CS2^412 to pipeline acquisition time. 



Figure 1. Block Diagram of 2-Step Flash A/D Converter 
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The CSZ5412 also uses digital correction 
schemes. An on-chip microcontroller manipu- 
lates dedicated MDAC's to set the gain and of- 
fset of the 6-bit flash ADC; this insures less than 
±1/2 LSB overall full-scale and offset errors in 
the CSZ5412. Gain and offset are similarly 
calibrated in the differential amplifier to avoid 
linearity errors at the 64 segment boundaries. 

Upon power-up, the CSZ5412 is reset in 
hardware or software to initially calibrate the 
device. Calibration can be similarly initiated at 
any later time throughout operating life to insure 
12-bit accuracy independent of environmental 
conditions. 

Pipelined Timing 

To achieve throughput rates up to IMHz, the 
CSZ5412 pipelines settling times in both the 
sampling and conversion processes. The 
CSZ5412 can actually begin a conversion cycle 
while still operating on the previous sample. As 
shown in Figure 2, the Hold and Convert com- 
mand for Sample N+1 can be issued before data 
from Sample N is valid at the output. By defini- 
tion, the throughput time of the CSZ5412 is 
shorter than the conversion time due to the over- 
lapped conversion cycles. Compared to a non- 
pipelined IMHz ADC, the CSZ5412 provides 
the same IMHz throughput, only the output data 
is delayed slightly in time (1.25^s delay through 
the ADC rather than l|is). 



The CSZ5412 also uses a second track-and-hold 
amplifier (termed T/H2 in Figure 3) to pipeline 
the converter's acquisition time. As shown in 
Figure 3, T/H2 holds the output from T/Hi valid 
for the second flash conversion, Flash 2. This 
allows T/Hi to release and acquire the analog 
input signal during the second flash conversion, 
allowing another Hold & Convert command to 
be issued even before the completion of Flash 2. 

DIGITAL CIRCUIT CONNECTIONS 

In addition to master clock and sampling connec- 
tions which set the converter's timing, the 
CSZ5412 offers an Overrange output, 3-state 
output buffers, and flexible control interface. 
The CSZ5412 can therefore connect directly to a 
microprocessor's data and control busses or can 
be operated in a stand-alone mode. 

Master Clock 

The CSZ5412 operates from a master clock 
reference which must be supplied in the form of 
either a crystal or external clock. A crystal can be 
tied across the CLKIN and XIN pins, or alterna- 
tively, the CSZ5412 can be synchronized to the 
external system by driving CLKIN with a 
CMOS-compatible clock (XIN left floating). 
The master clock should never be shut off for 
longer than one second while the CSZ5412 is 
powered-up or the converter's dynamic logic 
could potentially draw excessive current. Clock 
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Figure 3. Pipelined Acquisition and Settling Times. 



cycles can be selectively skipped at any time, but 
the clock's average frequency should never drop 
below the device's minimum specification (see 
Switching Characteristics, page 114). 

Sampling/Initiating Conversions 

There are two methods of controlling the 
CSZ5412's sampl ing/con version timing. First, 
the CSZ5412 has a HOLD input which, on a fall- 
ing edge, places the input track-and-hold 
amplifier in the hold state and initiates a conver- 
sion cycle. The CSZ5412 also features a Con- 
tinuous Convert mode (CCNV and HOLD high) 
in which hold commands are internally 
generated every eight master clock cycles. The 
sampling/throughput rate is tiierefore controlled 
by adjusting the master clock frequency and 
there is no need to generate a sampling clock. 

Lower sampling rates can be created in the Con- 
tinuous Convert mode by running the CSZ5412 
at full throughput and decimating the output, 
selectively reading only a fraction of the avail- 
able samples. Variable sampling rates can be im- 
plemented in this manner using a programmable 
divider on the DRDY output. When operating in 
the Continuous Convert mode, attention should 
be paid to jitter on the master clock, since jitter 
will directly affect sampling purity. 



If the phase of sampling must be precisely con- 
trolled, the HOLD input must be used since the 
hold signal is internally-generated in the Con- 
tinuous Convert mode. A falling edge on HOLD 
places the internal track-and-hold amplifier in 
the hold state and signals a conversion cycle to 
begin on the next rising edge of the master clock. 
The HOLD input was designed for minimum 
aperture jitter and therefore requires CMOS- 
compatible logic levels (not TTL-compatible). 

Due to the CSZ5412's background calibration 
timing, HOLD commands must be synchronized 
to the master clock and can only occur at inter- 
vals of 8 master clock cycles. The first HOLD 
command after a reset or calibration cycle 
defines state in the CSZ5412's timing circuitry 
(see Figure 4). The sampling signal applied to 
HOLD must adhere to frequencies of fclk/8N 
such that subsequent HOLD commands will al- 
ways fall between state 7 and state 0. If the sam- 
pling clock changes phase and a HOLD com- 
mand occurs before state 7 or after state the 
CSZ5412 may be thrown out of calibration, and 
4288 clock cycles must be allowed for the con- 
verter to complete a full background adjustment 
cycle. Likewise, conversion data should be con- 
sidered invalid for 4288 clock cycles following 
the first HOLD command after reset or calibra- 
tion to insure specified accuracy. 
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Most often the sampling signal applied to HOLD 
can be derived from the master clock. In these 
cases, the master clock is divided by 8, 16, 24, 
32, etc. If sampling must be locked to some ex- 
ternal clock source, a phase-locked loop can be 
used to generate a master clock signal for 
CLKIN from the sampling signal. In this in- 
stance jitter on the HOLD input will directly af- 
fect sampling purity; however, the CSZ5412 will 
tolerate significant jitter on the master clock 
without loss of accuracy (assuming the 
HOLD/CLKIN phase specifications outlined on 
page 114 are met). 

Conversion Time/Throughput 

In the Continuous Convert mode, throughput 
will proceed at one-eighth the master clock fre- 
quency and the delay through the CSZ5412 will 
be ten master clock cycles. When hold com- 
mands are generated externally at the HOLD pin, 
the an alog input is held immediately as the 
HOLD input falls and the conversion cycle 
begins on the next rising edge of the master 
clock. The CSZ5412's conversion time will 
range from 10 to 11 clock cycles depending on 
the phase relationship of the HOLD signal to the 
master clock (see Figure 4). Throughput can still 
proceed at fclk/8 independent of the conversion 
time. The pipelined overlap between conversion 
cycles will range from to 2 to 3 clock cycles. 

Reset 

Upon power-up, the CSZ5412 must be reset to 
guarantee a consistent starting condition and ini- 



tially calibrate the device. A falling edge on the 
RST pin clears all internal logic and a rising 
edge initiates a calibration cycle which takes 
203,578 master clock cycles to complete. The 
RST input must remain low for at least 2 master 
clock cycles but no longer than one second or the 
internal dynamic logic could draw excessive cur- 
rent. The RST input is internally latched, so a 
simple power-up reset circuit can be constructed 
by tying a capacitor from RST to DGND and a 
resistor from RST to VD+. 

Due to the CSZ5412's modest power dissipation 
and low temperature drift, no warm-up time is 
needed before reset to accommodate any self- 
heating effects. However, the voltage references 
(VREF+ and VREF-) should have stabilized to 
within their specified accuracies. The CSZ5412 
can be reset later at any time during operation to 
initiate calibration. Reset overrides all other 
functions. If reset, the GSZ5412 will clear and 
initiate a new calibration cycle mid-conversion- 
or mid-calibration. 

Overrange 

The CSZ5412 will flag an overrange input at the 
OVRNG pin whenever the sampled analog input 
exceeds either the positive or negative reference 
voltage. If the sampled input exceeds VREF+, 
OVRNG will go high as DRDY falls, and all 
ones will be loaded into the output buffers. 
Similarly, if the analog input is below VREF-, 
OVRNG will go high as all zeroes are loaded 
into the output buffers. An overrange condition 
will not impede device operation and OVRNG 
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will return low within 2144 to 4288 master clock 
cycles or at the end of a reset or calibration cycle 
if one is initiated. If the sampled analog input 
ever exceeds either reference by greater than 
0.5V, the CSZ5412 may lose calibration. The 
OVRNG output can therefore be used as an in- 
terrupt indicating accuracy may have been com- 
promised and up to 4288 clock cycles must be 
allowed for the CSZ5412 to recover. 

The OVRNG output remains high throughout a 
reset/calibration sequence and will return low 
after its completion. It can therefore be used to 
generate an interrupt indicating the CSZ5412 has 
completed calibration and is ready for operation. 

Microprocessor Controlled Operation 

The CSZ5412 features 3-state output buffers and 
a control interface which allow the device to 
connect directly to a microprocessor's data and 
control busses. Strobing both CS and RD low 
enables the CSZ5412's 3-state output buffers 
with the converter's 12-bit output word. As 
shown in Figure 5, a decoded address is normal- 
ly applied to CS, and the RD input is derived 
from read and strobe signals from the 
microprocessor's control bus. The Data Ready 
(DRDY) output can be used to generate an inter- 
rupt or drive a DMA controller to dump the 
CSZ5412's output directly into memory after 



each conversion. The DRDY output falls as new 
data is being loaded into the output buffers and 
returns high after three master clock cycles. 

The CSZ5412 internally buffers its output data, 
so data can be read while the device is tracking 
or converting the next sample. Therefore, retriev- 
ing the converter's digital output requires no 
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Figure 5. Microprocessor Controlled Operation. 

reduction in ADC throughput. The CSZ5412 
should be synchronized to the digital system via 
CLKIN to avoid potential errors due to enabling 
the 3-state output buffers while the part is con- 
verting. Using TTL loads also increases the 
potential for crosstalk between the digital and 
analog portions of the system. This crosstalk is 
due to high digital supply and signal currents 
arising from the TTL drive current required of 
each digital output. Connecting CMOS logic to 
the CSZ5412's digital outputs is recommended. 
Suitable logic families include 4000B, 74HC, 
74AC, 74ACT, and 74HCT. 
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Read Output Data 
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* 




High Impedance Data Bus 
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X 




High Impedance Data Bus 
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* 




Continuous Convert Mode 
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Hold and Start Convert 
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X 
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X 


Reset 



' Not critical to the operation specified. However, CS should 
not be low with CAL high or a software reset will result. 

Table L CSZ5412 Truth Table. 
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Initiating Calibration 

In addition to the hardware reset, the CSZ5412 
features a software calibration capability. 
Whenever CAL goes high with C5 low, a 
calibration cycle will be initiated which is 
equivalent to the reset function described on 
page 120. As shown in Figure 5, line AO from 
the address bus can be connected to the CAL 
input when operating under microprocessor con- 
trol. A read cycle from the CSZ5412's base ad- 
dress with AO low will therefore retrieve output 
data while a read or write cycle with AO high 
will initiate calibration. The CAL input is level 
sensitive, and like EST, CAL overrides all other 
functions. Software-initiated calibrations can 
thus be used in lieu of a hardware reset at power- 
up. 

Stand-Alone Operation 

The CSZ5412 can be operated in a stand-alone 
mode independent of intelligent control. In this 
mode, CS and KD are hard-wired low, per- 
manently enabling the 3-state output buffers. A 
free-running condition is established when CAL 
is tied low, and HOLD is continually strobed low 
or CCNV is held high. The CSZ5412's DRDY 
output can be used to externally latch the output 
data if desired. The DRDY output will strobe 
low for three master clock cycles after each con- 
versi on. Data will typically be unstable for 40ns 
after DRDY falls, so it should be latched on the 
rising edge of DRDY. This results in a total 
delay of 13 master clock cycles through the 
CSZ5412. 

ANALOG CIRCUIT CONNECTIONS 

Like most 2-step flash A/D converters with inter- 
nal track-and-hold amplifiers, the CSZ5412 of- 
fers a trivial load at its analog input compared to 
successive-approximation and single-step flash 
A/D converters. The reference connections 
similarly present high impedance loads. 
However, accurate system operation still requires 



careful attention to details at the design stage 
regarding source impedances as well as ground- 
ing and decoupling schemes. 

Analog Input and Reference Connections 

The CSZ5412's analog input range is defined by 
the voltages applied to the VREF- and VREF+ 
pins. The analog input (AIN) is referenced only 
to these reference voltages and is completely in- 
dependent of the analog ground pins. The first 
code transition ideally occurs 1 LSB above 
VREF- and the last transition occurs 1 LSB 
below VREF+. The CSZ5412 can operate with 
input ranges as low as 2.0V p-p, but signal-to- 
noise performance is maximized by using the 
fuU specified range of 3V p-p. Unipolar input 
ranges are achieved by tying VREF- to the 
system's analog ground and applying the 
reference voltage to VREF+. Bipolar input ran- 
ges are achieved by applying positive and nega- 
tive voltages of equal magnitude to VREF+ and 
VREF- respectively. In this configuration, 
coding is in offset-binary format. 

The CSZ5412's analog input (AIN) pin looks 
directly into the noninverting terminal of the 
track-and-hold amplifier resulting in over 10M12 
input impedance and less than lOpF input 
capacitance. The VREF+ connection also 
presents a static load of lOMQ. and lOpF, and 
VREF- presents a static load of lOMQ and 50pF. 
These static capacitive loads of lOpF and 50pF 
dominate the analog input and reference input 
impedance characteristics at high frequencies. 
The VREF+ and VREF- connections also have 
minor dynamic loads which require the reference 
inputs to be decoupled with O.OljiF (ceramic) 
capacitors. 

The voltage applied to the analog input (AIN) 
pin should not exceed either reference voltage by 
more than 0.5V. If such a signal is sampled by 
the internal track/hold amplifier, the CSZ5412 
could be thrown out of calibration. Output data 
could then be invalid for the subsequent 4288 
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master clcx:k cycles until the CSZ5412 completes 
a background adjustment cycle. 

Grounding and Power Supply Decoupling 

The CSZ5412 uses the analog ground connec- 
tions, AGNDl and AGND2, only as stable, low 
impedance sources. No dc power currents flow 
through these connections, and they are com- 
pletely independent of AIN and DGND. Still, 
AGNDl and AGND2 should be tied to the 
system's analog ground. The CSZ5412's analog 
input is referenced only to VREF+ and VREF-. 
Therefore, the analog input and reference vol- 
tages should be referred to the same ground 



potential (not necessarily AGND) which should 
be used as the entire system's analog ground. 
The optimal grounding configuration for the 
CSZ5412 utilizes one ground plane under the 
CSZ5412. Peripheral analog and digital circuitry 
should be partitioned on the circuit board and 
separate ground planes may or may not be used. 

The digital and analog supplies are isolated 
within the CSZ5412 and are pinned out separate- 
ly to minimize coupling between the analog and 
digital sections of the chip. The analog supplies 
also have multiple connections which minimize 
lead inductances and power separate portions of 
the converter's analog circuitry. The decoupling 
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Figure 6. System Connection Diagram. 



Qock 
Source 
(Optional) 



Mode 
Select 



Data 
Processor 




Control 
Logic 



Reset 
Generator 



n 



I 



Cl 
C2 
C3 



0.01|LiF ceramic 
0.01mF//0.1|liF ceramic 
O.ljjF ceramic 



DS2PP2 



7-123 



CSZ5412 



scheme shown in the System Connection 
Diagram in Figure 6 provides optimal decou- 
pling between the CSZ5412's digital circuitry 
and the various analog sections of the chip. 
Ceramic capacitors are acceptable for all decou- 
pling, and they should be placed as close to the 
supply pins as possible. If significant low-fre- 
quency noise is present on the supplies, 10|iF 
tantalum capacitors are recommended in parallel 
with 0.1|xF ceramic capacitors on the ±5V rails. 

The positive digital power supply (VD+) should 
never exceed the positive analog supplies (VA2 + 
or VA5+) or the CSZ5412 could experience per- 
manent damage. If the two supplies are derived 
from separate sources, care should be taken that 
the analog supply comes up first at power-up. 
The System Connection Diagram in Figure 6 
shows a decoupling scheme which allows the 
CSZ5412 to be powered from a single set of ±5V 
rails. The positive digital supply is derived from 



the analog supplies though a lOQ resistor to 
avoid the analog supply dropping below the digi- 
tal supply. If this scheme is used, care must be 
taken to insure that any digital load currents 
(which flow through the 10^ resistors) do not 
cause the magnitude of the digital supplies to 
drop below their minimum specification of 
4.75V. 

As with any high-speed, high-precision A/D con- 
verter, the CSZ5412 requires careful attention to 
grounding and layout arrangements. The 
CDB5412 evaluation board is available for the 
CSZ5412, which eliminates the need to design, 
build, and debug a high-precision PC board to 
initially characterize the part. The board comes 
with a socketed CSZ5412 and can be quickly 
reconfigured to simulate any combination of 
sampling, calibration, and master clock condi- 
tions. 
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PIN DESCRIPTIONS 

Power Supply Connections 

VD+ - Positive Digital Power, PIN 31. 

Positive digital supply voltage. Nominally +5 volts. 

VD- - Negative Digital Power, PIN 30. 

Negative digital supply voltage. Nominally -5 volts. 

DGND - Digital Ground, PIN 33. 

Digital ground reference. 

VA+ - Positive Analog Power, PINS 8, 11, 12, 15, 32. 

Positive analog supply voltage. Nominally +5 volts. 

VA- - Negative Analog Power, PINS 9, 13, 14. 

Negative analog supply voltage. Nominally -5 volts. 

AGND - Analog Ground, PIN 4, 10. 

Analog ground reference. 

Oscillator 

CLKIN; XIN - Clock In, PIN 29; Crystal In, PIN 28. 

Used to generate the internal master clock. A crystal can be tied across the two pins or an 
external CMOS-compatible clock can be driven into CLKIN if XIN is left floating. 

Digital Inputs 

HOLD - Hold Input, PIN 1. 

A negative transition on HOLD puts the track-and-hold amplifier into the hold state and 
initiates the conversion sequence. Conversions must be synchronized with the master clock at 
fCLK/8N where N = 1,2,3. The HOLD input is CMOS-compatible. 

CCNV - Continuous Convert, PIN 3. 

When held high with the HOLD input high, throughput will proceed at 1/8 the master clock 
frequency. 

CS - Chip Select^ PIN 20o 

Activates the RD and CAL inputs. When CS is high, these inputs have no effect and the data 
bus (DO through Dl 1) is held in a high impedance state. 

RD- Read, PIN 19. 

When held low with CS also low, enables DO-Dl 1. 
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RST- Reset, PIN 2. 

When taken low, all internal logic is reset to its cleared or default state. When brought high 
again, a full calibration results. The CSZ5412 will not operate while RST is low nor during the 
resulting full calibration cycle. 

CAL - Calibrate, PIN 18. 

Same as RST only enabled by CS. 

Analog Inputs 

VREF+ - Positive Voltage Reference, PIN 7. 

Represents positive full scale voltage. Typically +1.5V with respect to AGND (bipolar system) 
or +3V with respect to AGND and VREF- (unipolar system). 

VREF- - Negative Voltage Reference, PIN 6. 

Represents negative full scale voltage. Typically -1.5V with respect to AGND (bipolar system) 
or tied to AGND (unipolar system). 

AIN - Analog Input, PIN 5. 

Analog input to the track-and-hold amplifier. 

Digital Outputs 

OVRNG - Overrange, PIN 40. 

Goes high if the sampled analog input voltage exceeds VREF+ or VREF-. It does not impede 
device operation and returns low within 2144 to 4288 master clock cycles. OVRNG also goes 
high during reset and calibration cycles and can therefore be used to indicate end of calibration. 

DRDY - Data Ready, PIN 21. 

Falls when new data is becoming available at the outputs. Returns high three master clock 
cycles later. 

Digital Input/Outputs 

DO through Dll - Data Bus, PINS 22 thru 27, 34 thru 39. 

Three-state data bus. 

Miscellaneous Pins 

TSTl - Test, PIN 16. 

Reserved for factory use. Must be tied to DGND for proper device operation. 

TST2 - Test, PIN 17. 

Reserved for factory use. Must be tied to DGND for proper device operation. 
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DEFINITIONS 



Peak Harmonic or Spurious Noise (More accurately, Signal to Peak Harmonic or Spurious Noise) - 
The ratio of the rms value of the signal to the rms value of the next largest spectral component 
below the Nyquist rate (excepting dc). This component is often an aliased harmonic when the 
signal frequency is a significant proportion of the sampling rate. Expressed in decibels. 

Total Harmonic Distortion - Ratio of the rms sum of all harmonics to the rms value of of the signal. 
Units in percent. 

Signal-to-(Noise plus Distortion) - Ratio of the rms value of the signal to the rms sum of all other 
spectral components below the Nyquist rate (excepting dc). Expressed in decibels. 

Linearity Error - The deviation of a code from a straight line passing through the endpoints of the 
transfer function after zero- and full-scale errors have been accounted for. "Zero-scale" is a 
point 1/2 LSB below the first code transition, and "full-scale" is a point 1/2 LSB beyond the 
code transition to all ones. The deviation is measured from the middle of each particular code. 
Units in LSB 's. 

Differential Nonlinearity - The deviation of a code's width from the ideal width. Units in LSB's. 

Full Scale Error - The deviation of the last code transition from the ideal (VREF4- - 1 LSB). 
Units in LSB's. 

Offset Error - The deviation of the first code transition from the ideal (VREF- + 1 LSB). 
Units in LSB's. 

Aperture Time - The time required after the hold command is issued for the sampling switch to open 
fully. Effectively a sampling delay which can be nulled by advancing the sampling signal. Units 
in nanoseconds. 

Aperture Jitter - The range of variation in the aperture time. Effectively a "sampling window" which 
ultimately dictates the maximum input slew rate acceptable for a given accuracy. Units in 
picoseconds. 




DS2PP2 7-127 



CSZ5412 



Ordering Guide 



Model 

CSZ5412-JC2 


Throughput 

500kHz 


Signal to (Noise 
plus Distortion) 

65 dB 


Linearity 
Error 

+1 LSB 


Temp Range 

0to70-C 


Eackage 

40-Pin Ceramic SB DIP 


CSZ5412-KC2 


500kHz 




68 dB 


+1/2 LSB 


0to70'C 


40-Pin Ceramic SB DIP 


CSZ5412-JC1 


1MHz 




65 dB 


+1 LSB 


to 70-0 


40-Pln Ceramic SB DIP 


CSZ5412-KC1 


1MHz 




68 dB 


+1/2 LSB 


010 70-0 


40-Pin Ceramic SB DIP 


CSZ5412-AC2 


500kHz 




65 dB 


+1LSB 


-40 to +85 ''C 


40-Pin Ceramic SB DIP 


CSZ5412-BC2 


500kHz 




68 dB 


±1/2 LSB 


-40 to +85 ••C 


40-Pln Ceramic SB DIP 


CSZ5412-AC1 


1MHz 




65 dB 


±1 LSB 


-40 to +85 X 


40-Pin Ceramic SB DIP 


CSZ5412-BC1 


1MHz 




68 dB 


±1/2 LSB 


-40 to +85 'C 


40-Pin Ceramic SB DIP 


CSZ5412-SC1 


1MHz 




65 dB 


TBD 


-55 to +1 25' C 


40-Pin Ceramic SB DIP 


CSZ5412-TC1 


1MHz 




68 dB 


TBD 


-55to+125'»C 


40-Pin Ceramic SB DIP 
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GENERAL INFORMATION 
TELECOM T1/CCITT LINE INTERFACES 

JITTER ATTENUATORS 

DTMF RECEIVERS 

FIBER OPTIC TRANSMITTER/RECEIVERS 
DATA ACQ. A/D CONVERTERS ■ STATICALLY TESTED 

A/D CONVERTERS - DYNAMICALLY TESTED 



TRACK AND HOLD AMPLIFIERS 



FILTERS 
MISC. EVALUATION BOARDS 

APPLICATION NOTES 
APPENDICES 
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INTRODUCTION 

As the industry's first monlithic 4-channel track-and-hold amplifier, the CS31412 frees-up board space 
and reduces system costs normally associated with sampling and multiplexing analog signals for 
conversion. The CS31412 takes a snapshot of four single-ended or two differential signals and stores 
the analog values in on-chip hold capacitors. An on-chip digital correction scheme calibrates all dc and 
dynamic errors, including hold pedestals, to less than 700 nV. Channel selection and calibration can be 
placed under software control using the microprocessor interface. Since the CS31412 can calibrate at 
any time or temperature, it ensures accuracy throughout its operating life. 

The CS31412's fast 1 fxs acquisition time and 12-bit accuracy make it ideal for processing high- 
frequency signals. In applications where fast sampling is not critical, the CS31412's 0.007 ^iV/ [xs 
droop in the hold mode allows slower conversion of the channels without loss of accuracy. The 
CS31412 dissipates only 250 mW of power. 

A complete single-channel track-and-hold, the CS3112, is also available. On-chip hold capacitors and 
calibration logic simplify use, and keep all dc and dynamic errors, including pedestal error, below 
700 ^iV. This accuracy is ensured over time and temperature by easy user control of the calibration 
circuitry. 

USER'S GUIDE 



Device: 


CS31412 


CS3112 


# of Track & Holds 
Acquisition Time 
Power Consumption 
Package 


4 

1 ^is 

250 mW 

18-Pin DIP 


1 

1 lis 

130 mW 

14-Pin DIP 



CONTENTS 



CS31412 Quad, 1 ]is Acquisition Time, Track & Hold 
CSS 1 12 Single, 1 us Acquisition Time, Track & Hold 
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4 Channel Simultaneous Track and Hold 



Features 

• Completely Self-Contained 

Four Track-and-Hold Amplifiers 
On-Chip Hold Capacitors 
Output Multiplexer 
Two Output Buffer Amplifiers 
Microprocessor Interface 

• 800ns Acquisition Time to 0.01% 

• Aperture Jitter : 1 0Ops 

• True 1 2-Bit Accuracy over Temperature 

Total Offset Including Hold 
Pedestal:! 700uV Max 

• Low Droop Rate: 0.001 uV/us 

• Auto-Calibration Insures Accuracy 
Over Time and Temperature 

• Low Power Dissipation: 250mW 



General Description 

The CS31412 is a four-channel track and hold capable of 
processing four single-ended or two differential inputs with 
12-bit accuracy. It consists of four track-and-hold 
amplifiers, an analog multiplexer, two output buffers, and a 
microprocessor Interface. 



Controlled by a single HOLD input, the four track-and-hold 
amplifiers can simultaneously hold their outputs with only 
1 0Ops of aperture jitter and later acquire their inputs within 
800ns to 0.01%. On-chip hold capacitors limit droop to 
0. OOluV/us, and first order leakage compensation minimizes 
droop over temperature. Unique auto-calibration circuitry 
limits all internal dynamic and dc errors to less than 700uV, 
guaranteeing 12-bit accuracy over time and temperature. 

The CS31412 can be configured, controlled, and monitored 
through its microprocessor interface, or can be operated 
independently of intelligent control. 



ORDERING INFORMATION: Page 7 
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ANALOG CHARACTERISTICS 

(Ta = 25°C, V+ = +5.0V. V- = -5.0V, RL=10kii, CL = 50pF, unless otherwise specified) 



Parameter* 


CS31412-J,K 
min typ max 


CS31412-A,B 
min typ max 


CS31412-S,T 
min typ max 


Units 


Specified Temperature Range 


to +70 


-40 to +85 


-55 to +125 


^C 


Accuracy 


Total Offset(Notel) 25'C 
Tmin 
Tmax 


±0.7 
±0.7 
±0.7 


±0.7 
± 2 
±0.7 


±0.7 
±3 
± 0.7 


mV 
mV 
mV 


Offset Drift(Note2)T^j, to T^3, 


±0.020 


± 0.025 


±0.030 


mV/°C 


Tracking Offset 


±20 


±20 


±20 


mV 


Nonlinearity (Note 3) 25''C 
■'min^o'^max 


±0.5 


±0.5 


±0.5 


±0.5 


±0.5 


±0.5 


mV 
mV 


GalnError(Note3) 25'c 
■^min^°'^ma> 


±0.01 
±0.01 


+ 0.01 
±0.01 


±0.01 
+ 0.01 


%FS 
%FS 


Dynamic Characteristics 


Acquisition Time 

(6V step to 0.01%) -J.A,S 

-K,B,T 
(6V step to 0.1%) -J,A,S 

-K.B.T 


1.8 
0.8 
1.2 
0.6 


2.5 
1.0 


1.8 
0.8 
1.2 
0.6 


2.5 

1.0 


1.8 
0.8 
1.2 
0.6 


2.5 
1.0 


us 
us 
us 
us 


Track to Hold Settling to 0.01% 


0.5 


0.8 


0.5 


0.8 


0.5 


0.8 


us 


Mux Output Settling Time 

(6V step to 0.01%) -J.A.S 

-K.B.T 
(6V step to 0.1%) ^,A,S 

-K.B.T 


1.8 
1.3 
1.5 
1.0 


2.5 

1.5 


1.8 
1.3 
1.5 
1.0 


2.5 
1.5 


1.8 
1.3 
1.5 
1.0 


2.5 
1.5 


us 
us 
us 
us 


Aperture Time 


20 


20 


20 


ns 


Aperture Time Matching (Note 4) 


2 


2 


2 


ns 


Aperture Jitter 


100 


100 


100 


ps 


Interchannel Aperture Offset 


100 


100 


100 


ps 


Droop Rate 25*^ 
"^min ^° "^max 


±0.001 


±0.1 
±0.6 


±0.001 


±0.1 
±1.0 


±0.001 


±0.1 
±5.0 


uV/us 
uV/us 



Notes: 1 . Applies after calibration at any temperature within the specified temperature range. 

2. Applies over specified temperature range without recaiibration since calibration at 25'^G. 

3. Applies over the input voltage range of -3V to +3V. 

4. Part to part. 

* Refer to Error Definitions on page 14. 
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ANALOG CHARACTERISTICS (Continued) 



Parameter* 


CS31412-J,K 
min typ max 


CS31412-A,B 
mIn typ max 


CS31412-SJ 
mIn typ max 


Units 


Analog Input 


(6V p-p Input) 


2 


2 


2 


MHz 


Small Signal Gain Bandwidth 
(60mV p-p Input) 


2.5 


2.5 


2.5 


MHz 


Interchannel Isolation (Note 5) 


90 


90 


90 


dB 


Input Impedance (dc) 


100 


100 


100 


MO 


Input Capacitance 


4 


4 


4 


pF 


Input Bias Current 


100 


100 


100 


pA 


Analog Output 


Noise 

Track Mode (Note 6) 
Hold Mode (Note 7) 


50 
33 


50 
33 


50 
33 


uVrms 
uVrms 


Output Impedance at dc 

(Hold Mode) (Note 8) 


0.1 


0.1 


0.1 


n 


Power Supplies 


Power Supply Currents 
Positive 
Negative 


25 45 
-25 -45 


25 45 
-25 -45 


25 45 
25 -45 


mA 
mA 


Power Supply Rejection Ratio 
Positive (Note 9) 
Negative (Note 10) 


75 
60 


75 
60 


75 
60 


dB 
dB 



Notes: 5. With a 1 0OkHz Input signal. 

6. Total noise from dc to 1MHz. 

7. Total noise from dc to 1 MHz. 

8. Applies over the input voltage range of -3V to +3V. 

9. With 300mV p-p, 1kHz ripple applied to V+. 
10. With 300mV p-p, 1kHz ripple applied to V-. 




Specifications are subjec to change without notice. 
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SWITCHING CHARACTERISTICS (Ta = Tmin to Tmax; v+ = 5V±10%; v- = -5V+io%) 



Parameter 


Symbol 


MIn 


Typ 


Max 


Units 


AO, A1, RESET, DIF/SE, CALto CS 
Setup Time 


tsu 


20 


5 


- 


ns 


CS to AO, A1 , RESET, DIF/SE, CAL 
Hold Time 


th 


5 


1 


- 


ns 


CS Pulse Width 


tpw 


100 


50 


- 


ns 


CS Low and CAL High to CALD High 


teal 


- 


3.5 


10 


ms 



DIGITAL CHARACTERISTICS (TA=TmintoTmax; V+ = 5V±10%; V- = -5V±10%) 
All measurements below are performed under static conditions. 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


High-Level Input Voltage 


V|H 


2.0 


1.7 


- 


V 


Low-Level Input Voltage 


V|L 


- 


1.6 


0.8 


V 


High-Level Output Voltage (Note 1 1 ) 


VOH 


V+-1.0V 


- 


- 


V 


Low-Level Output Voltage lout=1 .6mA 


Vol 


- 


- 


0.4 


V 


Input Leakage Current 


'in 


- 


- 


10 


uA 



Note: 1 1 . lout=-1 OOnA. Tliis specification guarantees TTL compatability (VOH = 2.4V @ lout = -40nA). 
RECOMMENDED OPERATION CONDITIONS (AGND, dgnd = ov. see note 12). 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Power Supplies: Positive 
Negative 


V+ 
V- 


4.5 
-4.5 


5.0 
-5.0 


5.5 
-5.5 


V 
V 


Analog input Voltage: 


V|N 


-3.0 


- 


3.0 


V 



Note: 1 2. All voltages witfi respect to ground. 



ABSOLUTE MAXIMUM RATINGS (AGND. dgnd = OV, All voltages with respect to ground) 



Parameter 


Symbol 


Min 


Max 


Units 


DC Power Supplies: Positive 
Negative 


V+ 
V- 


- 0.3 
0.3 


6.0 
- 6.0 


V 
V 


Input Current, Any Pin Except Supplies (Note 13) 


iin 


- 


±10 


mA 


Analog Input Voltage 


V,NA 


V- - 0.3 


V+ + 0.3 


V 


Digital Input Voltage 


V,ND 


- 0.3 


VA+ + 0.3 


V 


Ambient Operating Temperature 


Ta 


- 55 


125 


•c 


Storage Temperature 


Tstg 


- 65 


150 


X 



WARNING: Operation at or beyond tliese limits may result in permanent damage to tlie device. 

Normal operation is not guaranteed at tliese extremes. 
Note: 1 3. Transient currents of up to 1 0OmA will not cause SCR latch-up. 
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1.0ms 
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CS31412-AD 
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CS31412-BD 


1.0ms 


-40 TO +85°C 


18-Pln Cerdip 


CS31412-SD 
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CS31412-TD 


1.0ms 


-55TO+125X 


18-Pin Cerdip 
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TYPICAL PERFORMANCE CHARACTERISTICS 

(V+ = +5.0V, V- = -5.0V) 
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General Description 

The CS31412 consists of four track-and-hold 
amplifiers with on-chip hold capacitors, an 
analog multiplexer, and two output buffers. The 
CS31412 requires no external components or 
manual trims of any kind to achieve true 12-bit 
performance, and thus eliminates the task of 
error budgeting several components with com- 
plex (and often hidden) error sources. 

The CSS 1412 can handle either four single- 
ended or two differential analog signals. The 
device is controlled through its on-board 
microprocessor interface, or it can be operated 
independently of intelligent control. Unique 
auto-calibration circuitry nulls any dynamic or 
dc error introduced between the analog input pin 
and the buffer's output for each channel. The 
CS31412 thereby guarantees true 12-bit accuracy 
over time and temperature. 

Analog Multiplexer 

The analog multiplexer takes the outputs of the 
four track-and-hold amplifiers and passes the 
selected outputs to the OUTl and OUT2 pins. 
When DEF/SE is low, the multiplexer is con- 
figured as a four-to-one multiplexer and each 
amplifier is treated as a single-ended analog 
input referenced to AGND. When DIF/SE is 
high, the multiplexer is configured as dual two- 



DIF/SE 


A1 


AO 


OUTl 


OUT2 











INO 


OV* 








1 


IN1 


OV* 





1 





IN2 


OV* 





1 


1 


INS 


ov* 


1 








INO 


INI 


1 





1 


N/A" 


N/A** 


1 


1 





IN2 


IN3 


1 


1 


1 


N/A** 


N/A** 



♦AGND±50mV 

""" Floating Output: AO should be tied low in differential mode 

Table 1. Truth Table of MUX Configurations 



to-one multiplexers and the track-and-hold 
amplifiers are treated as two groups of two 
amplifiers which allows the CS31412 to process 
differential signals. This option can also be used 
to increase system throughput by using the 
CS31412 with two A/D converters (see System 
Throughput). Table 1 shows the multiplexer and 
buffer amplifier configurations as determined by 
the DIF/SE pin and the address pins, AO and Al. 
In the differential mode, the AO input should be 
tied low to avoid floating the output buffer 
amplifiers. In addition, the buffer amplifier at 
OUT2 in the single-ended mode does not float; 
its output remains within 50mV of AGND and 
must remain unconnected. 

Calibration 

The CSS 1412 features on-chip digital intel- 
ligence and measurement circuitry capable of 
calibrating all four input channels. For each 
channel, the device internally deselects the input 
signal and switches a known reference voltage 
(AGND) to the input of the track-and-hold 
amplifier. In the calibration mode, the CS31412 
uses an internal microcontroller and special null- 
ing circuitry to reduce all errors at the OUTl and 
OUT2 pins to less than ±700^V. Thus, all inter- 
nal errors including dc offsets and dynamic er- 
rors due to charge injection (hold pedestal) are 
trimmed to 12-bit accuracy (732|iV is 1/2 LSB at 
12 bits with a ±3V input signal). The output of 
the CS31412 is only calibrated during the hold 
mode (HOLD low). During tracking, each chan- 
nel may have up to ± 20mV of offset. 

At power-up, the CS31412 automatically sets 
AO, Al, and DIF/SE low. The user then must in- 
itiate a calibration to initially calibrate the 
device. This is achieved by bringing the CAL 
input high and CS low simultaneously. Calibra- 
tion can be similarly initiated during operation at 
any time thus insuring accuracy under any condi- 
tions. During the calibration cycle (which takes 
about 3.5ms to complete) the CALD pin remains 
low. During this period, any load on OUTl and 
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0UT2 must remain constant; otherwise, errors 
could be introduced which might affect accuracy. 
Another calibration cannot take place until C AL 
has been latched low by CS and then taken back 
high. If a new calibration is initiated before the 
current calibration is finished, the CS31412 will 
complete the current calibration before initiating 
the new one. 

The DBF/SE input to the CS31412 must be in the 
correct state when initiating a calibration since 
the offsets of the analog output buffers are also 
calibrated. If the part is switched between the 
single ended and differential modes during 
operation, a new calibration must be initiated to 
guarantee that the Total Offset specification is 
met. 

Digital Interface 

The CS31412 includes a digital interface 
designed for maximum flexibility. The digital in- 
puts, AO, Al, CAL, and DIF/SE, are internally 
gated with 'CS, The input latches for the AO and 
Al inputs are level sensitive and latch on the 
rising edge of CS. Any state changes on these 
pins while CS is low appear at the output(s). In a 
microprocessor-controlled application, the C5 
control input is usually derived from a decoded 
address as well as write and strobe signals off of 
the control bus (Figure la). Channel selection 



and calibration initiation thereby involve writing 
to the CS31412's address using data bits to con- 
trol AO, Al, CAL, and DIF/SE. For microproces- 
sor-independent operation in single-ended mode, 
CS is tied low and the digital inputs are control- 
led by externally-latched signals (Figure lb). 

When using the differential mode in a 
microprocessor-independent configuration, CS 
cannot be tied low since DIF/SE is latched on the 
rising edge of CS. A one-shot can be used to 
pulse CS on power-up. In applications with dedi- 
cated inputs, DIF/SE can be hardwired high or 
low. 

The CS31412's CALD output can be used to 
generate an interrupt indicating the CS31412 has 
completed calibration. Alternatively, calibration 
status can be polled in software by connecting 
CALD to the data bus via a three-state buffer. 

Reset 

The CS31412 includes a reset function which 
guarantees a predictable state (AO, Al, CAL and 
DIF/SE all low) after power up. The CS31412 is 
reset when the RESET pin high and CS is low 
simultaneously. Since this function can be emu- 
lated in software by writing all O's to the 
CS31412 when under microprocessor control, it 
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/ 






<S 
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ddrest 
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Dec 
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\ 
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RESET / 
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Calibrate 
Addr2 
Addrl 
AddrO 



JT* 



RESET 

CAL 

A1 

AO 

DIF/SE 

CS 



a. MPU-ControUed Operation 



b. MPU-Independent Operation 



Figure 1. - CS31412 Control Connections 
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is mainly useful when operating independently 
of intelligent control (Figure lb). 



System Throughput 



CS31412 



Grade 


Single Channel 


Two Channels 


Three Channel? 


Four Channels 


-J,A.S 


4.1 Ous 


6.58US 


g.OQus 


11.6US 


-K.B.T 


2.70US 


4.20U8 


5.71 us 


7.1 9us 



Table 2. Throughput Time 



Throughput of the CS31412 varies depending on 
the number of input signals used, and the grade 
of the part. System timing diagrams which 
enable the the throughput of the CS31412 to be 
calculated are shown in Figure 2. Table 2 is a 
listing of throughput times for the various part 
grades and number of input channels used. These 
times assume that no time is required for A/D 
conversion. When the part is used in the dif- 
ferential mode, throughput time will be equal to 
the two channel throughput time. 

Since one of the four channels must be con- 
nected to the output buffer, the Track-to-Hold 
settling time (ttth) is included in the first 
channel's settling time (ti). The address inputs 
AO, and Al must be switched before the part is 
put in the hold mode (HOLD low) so that the 
first channel's output is valid at time (ti). After 
the first output is settled, the addresses can be 
used to mux each of the other three channels to 
the output. 

When interfacing the CS31412 with an A/D con- 
verter which includes an integrated sample/hold, 
such as Crystal's CS501X series, additional 
reduction in throughput time can be obtained by 



•-^cq- 



HOLD_y 
Al • 



** — tmux — •< — tmux 



-tmux — • 



pipelining settling times. As soon as the A/D has 
captured the output of the CS31412, HOLD can 
be brought high and the CS31412 can acquire 
the new input signals and settle the first muxed 
channel while the A/D is converting. Likewise, 
output mux settling for all other other channels 
can be pipelined during conversion removing all 
of the CS31412's timing from the throughput 
equation. System throughput can therefore 
proceed at the ADC's maximum throughput. 
Using the CS31412 in the differential mode with 
two ADCs will reduce throughput time further 
because two channels can be converted simul- 
taneously (see System Connection Diagram, 
page 7). 

Power Supplies 

The CS31412 uses the analog ground voltage 
(AGND) only as a reference voltage. No dc 
power currents flow through the AGND connec- 
tion, and it is completely independent of DGND. 
However, any noise riding on AGND relative to 
the system's analog ground plane wiU result in 
offset errors. Therefore, the analog inputs should 
be referenced to the AGND pin which should be 
used as the entire system's analog ground. 
Decoupling should be performed between the 
V+ pin and the V- pin using 0.1 uF ceramic cap. 
If significant low frequency noise is present on 
the supplies, a lOnF tantalum capacitor is recom- 
mended in parallel with the 0.1 uF capacitor. The 
decoupling capacitors should he placed as close 
to the CSS 14 12* s power supply pins as possible. 




^cq- Aoqulsitlon Time 
ttth: Track to Hold Settling Time 
tmux Mux Output Settling Time 
1 1: First Channel Settling Time 

tl-Vttth^+tmux^ 
Figure 2. Four Channel Timing 
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ANALOG INPUT 3 

ANALOG INPUT 2 

ANALOG INPUT 1 

ANALOG INPUT 

NEGATIVE POWER 

CALIBRATION DONE 

RESET 

DIFF/SINGLE-ENDED 

POSITIVE POWER 



INS di 

IN2 [2 

INI [3 

INO [4 

V- [5 

CALD [ 6 

RESET [7 

DIF/SE [8 

V+ [9 




HOLD 

ANALOG OUTPUT 2 
ANALOG OUTPUT 1 
ANALOG GROUND 
CALIBRATE 
ADDRESS INPUT 1 
ADDRESS INPUT 
CHIP SELECT 
DIGITAL GROUND 



Power Supplies 

V+ - Positive Power, PIN 9 

Most positive supply voltage. Nominally +5 volts. 

V- - Negative Power, PIN 5 

Most negative supply voltage. Nominally -5 volts. 

DGND - Digital Ground, PIN 10 

Digital ground reference. 

AGND - Analog Ground, PIN 15 

Analog ground reference. 



Analog Inputs 

EVO; INI; IN2; IN3 - Analog Inputs 0;1;2;3, PINS 4,3,2,1 

Analog inputs to the four track and hold amplifiers. 



Digital Inputs 

C§ - Chip Select, PIN 11 _ 

Enables the RESET, DIF/SE, AO, Al, and CAL digital inputs. 

RESET- Reset, PIN 7 _ _ 

Sets AO, Al, DIF/SE and CAL low when held high and CS is strobed low. 
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DIF/SE . Differential/Single-Ended Select, PIN 8 

Configures the output multiplexer in either a single-ended or differential mode. It is latched on 
the rising edge of CS, but usually tied high or low. If set low, the four analog inputs are routed 
through OUTl. If set high, INO and INI are paired as one differential signal and IN2 and INS 
are paired as a second. 

AO; Al - Address Input 0; Address Input 1, PINS 12, 13 

Select which amplifier or amplifier pair is output on the OUTl and OUT2 pins. AO should be 
held low when DIF/SE is high to avoid floating the outputs. 

CAL - Calibrate, PIN 14 

When taken high with CS low, initiates a full internal calibration. 

HOLD -Hold, PIN 18 

A falling transition on this pin signals all four amplifiers to hold their inputs simultaneously. 
When brought high, the amplifiers acquire, and then track the input signal. 



Analog Outputs 

OUTl; 0UT2 - Analog Output 1; Analog Output 2, PINS 16, 17 

The buffered outputs from the multiplexer; OUTl is always active and OUT2 is active only in 
the differential mode (DIF/SE high). 

Digital Outputs 

CALD - Calibration Done, PIN 6 

Indicates calibration status. After reset, if CALD is high the device has finished calibration. 
Returns low upon reset or the initiation of calibration. 
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ERROR DEFINITIONS 



Total Offset - The difference between the analog voltage applied to the analog input (AO, Al, A2, or 
A3) and the signal that appears at the appropriate output pin (OUTl or 0UT2) after the hold 
command has been issued and all transients have settled. Applies only in the hold mode, not 
while tracking the analog inputs. Includes all internal offsets, including those due to charge in- 
jection (hold pedestals). Units in millivolts. 

Nonlinearity - The deviation from a straight line on the plot of output vs input. Nonlinearity is 
specified as the change in Total Offset over the signal range of -3V to +3V. Units in millivolts. 

Gain Error - Calculated as the difference between the Total Offsets resulting from -3V and +3V dc 
input signals relative to a 6V input range. Units in percent of full scale. 



Acquisition Time - The time required after the negation of the hold command (HOLD high) for the 
track-and-hold amplifiers to reach their final values to within a specified error band (±0.01% or 
± 0.1%) . Measured internally at the inputs to the multiplexer, it determines the minimum time 
allowed before reassertion of the hold command. Indicates nothing about the outputs as 
measured at OUTl or 0UT2. Units in microseconds. 

Track-to-Hold Settling - The time required after the hold command is given for each track and hold to 
reach its final value to within a specified error band (±0.01%). Includes switch delay (aperture) 
time but not multiplexer and output buffer settling. Units in microseconds. 

MUX Output Settling - The time required after reconfiguring the multiplexer for the outputs at OUTl 
and 0UT2 to reach their final value to within a specified error band (±0.01% or ±0.1%). 
Measured from the falling edge of CS with AO and Al valid. Units in microseconds. 

Aperture Time - The time required after the hold command for the sampling switch to open fully. Ef- 
fectively a sampling delay which can be nulled by advancing the sampling signal. Units in 
nanoseconds. 

Aperture Jitter - The range of variation in the aperture time. Effectively the "sampling window" 
which ultimately dictates the maximum input signal slew rate acceptable for a given accuracy. 
Units in picoseconds. 

Interchannel Aperture Offset - The range of variation in aperture time between the four track-and- 
hold amplifiers for a given hold command. A measure of simultaneity. Units in picoseconds. 

Droop Rate - The change in the output voltage over time while in the hold mode. Units in microvolts 
per microsecond. 

Large Signal Bandwidth - The frequency at which the output amplitude while tracking a full scale 6V 
p-p sine wave is 3dB below tiie input amplitude. Units in megahertz. 
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Small Signal Gain Bandwidth - The frequency at which the output amplitude while tracking a 60mV 
p-p sine wave is 3dB below the input amplitude. Units in megahertz. 

Interchannel Isolation - A measure of crosstalk between input channels while in the track mode. Units 
in decibels. 
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Notes 
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High Speed Precision Traclc and Hold 



Features 

• Completely Self-Contained 

On-Chip Hold Capacitor 
Microprocessor Interface 

• Fast Acquisition: 1 us max to 0.01 % 

• Low Aperture Jitter: lOOps 

• True 12-Bit Accuracy over Temperature 

Total Offset, Including 

Hold Pedestal: ±700uV max 

• Low Droop Rate: 0.001 uV/us 

• Self-Calibration Insures Accuracy 
Over Time and Temperature 

• Low Power Dissipation: 200m W max 



General Description 

The CS31 12 is a high speed track and hold with full 
1 2-bit accuracy. It is completely self-contained, 
including hold capacitor, output buffer and calibration 
circuitry. 

Aperture jitter of 100ps and maximum acquisition time of 
1us to 0.01% provide excellent dynamic performance. 
On-chip hold capacitors limit droop to 0.001 uV/us, and 
first order leakage compensation minimizes droop 
over the full operating temperature range. 

Unique calibration circuitry limits all intemal dynamic 
and dc errors to less than 700uV, guaranteeing 1 2-bit 
accuracy over time and temperature. Advanced CMOS 
fabrication insures low power consumption and 
increased reliability. 

The CS31 12 can be controlled and monitored through its 
microprocessor interface, or can operate independently. 

ORDERING INFORMATION: Page 26 



HOLD 



O 



VINO 



TRACK AND HOLD 



AGNDO12 



VOUT 





V+ DGND V- CS RESET 
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ANALOG CHARACTERISTICS 

(Ta=25X, V+ = +5.0V, V- = -5.0V, RL=10Ka CL = 50pF. unless otherwise specified) 


Parameter* 


08311 2-J,K 
min typ max 


08311 2-A,B 
min typ max 


083112-8,1 
min typ max 


Units 


Specified Temperature Range 


to +70 


-40 to +85 


-55 to +125 


°C 


Accuracy 


Total Offset (Note 1)25"C to T^ax 
25'CtoT^in 


±0.7 
±0.7 


±0.7 
±0.7 


±0.7 
±1.0 


mV 
mV 


Offset Drift(Note2) Tmin toTmax 


±0.020 


±0.025 


±0.030 


mV/°C 


Tracking Offset 


±20 


±20 


±20 


mV 


Nonlinearity 25'C 

(Note 3) Tmin toTmax 


±0.4 ±0.5 
±0.4 


±0.4 
±0.4 


±0.5 


±0.4 
±0.4 


±0.5 


mV 
mV 


Gain Error Tmin toTmax 


±0.01 


±0.01 


±0.01 


%FS 


Dynamic Characteristics 


Acquisition Time -J,A,S 
(6V step to 0.01%) -K.B.T 


1.5 2.0 
0.9 1.0 


1.5 
0.9 


2.0 
1.0 


1.5 
0.9 


2.0 
1.0 


us 
us 


Acquisition Time -J.A.S 
(6V step to 0.1%) -K,BJ 


1.0 
0.5 


1.0 
0.5 


1.0 
0.5 


us 
us 


Track to Hold Settling to 0.01% 


0.5 0.8 


0.5 


0.8 


0.5 


0.8 


us 


Aperture Time 


20 


20 


20 


ns 


Aperture Time Matching (Note 4) 


2 


2 


2 


ns 


Aperture Jitter 


100 


100 


100 


ps 


Droop Rate 25»C 

Tmin tO Imax 


±0.001 ±0.1 
±0.6 


±0.001 


±0.1 
±1.0 


±0.001 


±0.1 
±5.0 


uV/us 
uV/us 


Analog input 


Large Signal Bandwidth 
(6V p-p Input) 


2.0 


2.0 


2.0 


MHz 


Small Signal Gain Bandwidth 
(60mV p-p Input) 


2.5 


2.5 


2.5 


MHz 


Input Impedance (dc) 


100 


100 


100 


MO 


Input Capacitance 


5 


5 


5 


pF 


Input Bias Current 


100 


100 


100 


pA 


Analog Output 


Noise (Note 5) Track Mode 
Hold Mode 


50 
33 


50 
33 


50 
33 


uV,ms 
uVrms 


Power Supplies 


Supply Currents Positive 
Negative 


13 20 
-13 -20 


13 
-13 


20 
-20 


13 
-13 


20 
-20 


mA 
mA 


*Refer to Error Definitions on page 

Spe 


25. 

cifications are subject 


to change without notic 


;e. 
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RECOMMENDED OPERATING CONDITIONS (AGND, dgnd = ov, see note 5). 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Power Supplies: Positive 
Negative 


V+ 
V- 


4.5 
- 4.5 


5.0 
-5.0 


5.5 
-5.5 


V 
V 


Analog Input Voltage: 


VjN 


- 3.0 


- 


3.0 


V 



DIGITAL CHARACTERISTICS (TA = TmintoTmax; V+ = 5V±10%; V 
All measurements below are performed under static conditions. 



-5V±10%) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


High-level Input Voltage 


V|H 


2.0 


1.7 


- 


V 


Low-Level input Voltage 


V|L 


- 


1.6 


0.8 


V 


High-Level Output Voltage ( Note 6) 


VOH 


V+- 1.0V 


- 


- 


V 


Low-Level Output Voltage, iout-1 .6mA 


Vol 


- 


- 


0.4 


V 


input Leakage Current 


hn 


- 


- 


10 


uA 



SWITCHING CHARACTERISTICS (Ta = Tmm to Tmax; v-h = 5V±io%; v- = -5V±io%) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


RESET, CALtoCS Setup Time 


tsu 


20 


10 


- 


ns 


CS to RESET, CAL Hold Time 


•h 


5 


1 


- 


ns 


CS Pulse Width 


'dw 


100 


50 


- 


ns 


CS Low and CAL High to CALD High 


teal 


- 


4 


10 


ms 



Notes: 1 . Applies after calibration at any temperature witiiin tlie specified temperature range. 

2. Applies over specified temperature range wittiout recalibration since calibration at 25''0. 

3. Applies over the input voltage range of -3V to -I-3V. 

4. Part to part. 

5. Total noise from dc to 1 MHz. 

6. All voltages witfi respect to ground. 

7. lout = -1 OOmA. Tills specification guarantees TTL compatability (VOH = -I-2.4V @ lout = -40|iA). 




CS 



RESET, CAL 



CALD 



^-^su- 



"1. 



pw 



VALID DATA 



-tu-. 



^cal" 



CS3112 Timing Diagram 
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TYPICAL PERFORMANCE CHARACTERISTICS 

(V+ = +5.0V, V- = -5.0V) 



+3V 




All inputs grounded 


/ 






y 


/ 






/ 






/ 






/ 


/ 






/ 









500 ns/div. 
Full Scale Acquisition 



50 100 

Tennperature(*C) 
Droop Rate vs. Temperature 




100 Ik 10k 

Frequency (Hz) 
Distortion vs. Frequency 



CD 

CC 50 
CO 
CO 
CL 60 



Ta = 25°C 
300 mV p- 


P ripple 




A 


applied to each 
supply separately 


i 


7 










'■/ 


/ 








.y 


/ 


/•• 










1 












J 













10 100 Ik 10k 100k 

Frequency (Hz) 
PSSR vs. Frequency 



E 25 

SI 

o 

^20 

o 

I" 

a 

1 10 



Ta = 
■ Vin = 


25 °C 








/ 


Track mode (HOLD high) 






































/ 










y 





1 10 100 Ik 10k 100k 1M 

Frequency (Hz) 
Output Impedance vs. Frequency 



O 



S -80 

^- 

^ -90 

2 -95 
O ^* 



Ta = 


25 °C 










6V p-p sine wave applied to 
input while the part is in the 
hold mode (HOLD low). 








































y 










^ 


/ 















1 ,10 100 Ik 10k 100k 1M 

Frequency (Hz) 

Hold Mode Feedthrough vs. 

Frequency 



ABSOLUTE MAXIMUM RATINGS (AGND.DGND = 0V, All voltages with respect to ground). 



Parameter 


Symbol 


Min 


Max 


Units 


DC Power Supplies: Positive 
Negative 


V+ 
V- 


-0.3 
0.3 


6.0 
-6.0 


V 
V 


Input Current, Any Pin Except Supplies (Note 8) 


l|N 


- 


±10 


mA 


Analog Input Voltage 


V|NA 


V- - 0.3 


V+ + 0.3 


V 


Digital Input Voltage 


V|ND 


-0.3 


V+ + 0.3 


V 


Ambient Operating Temperature 


Ta 


-55 


125 


X 


Storage Temperature 


TsTG 


-65 


150 


-c 



WARNING: Operation at or beyond these limits may result in permanent damage to the device. 

Normal operation Is not guaranteed at these extremes. 
Note: 8. Transient currents of up to 1 00mA will not cause SCR latch-up. 
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General Description 

The CSS 112 consists of a complete track-and- 
hold amplifier with on-chip hold capacitor, an 
output buffer, and calibration circuitry. Use of an 
on-chip buffer isolates the track-and-hold 
amplifier from load conditions for optimal per- 
formance, and the calibration circuitry nulls out 
error sources. The CSS 112 requires no external 
components or manual trims of any kind to 
achieve true 12-bit performance. 

The CSS 112 can be controlled through its on- 
board microprocessor interface, or can be 
operated independently. Unique auto-calibration 
circuitry nulls any dynamic or dc error intro- 
duced between the analog input pin and the 
buffer's output. The CSS 112 thereby guarantees 
true 12-bit accuracy over time and temperature. 

Calibration 

The CSS 112 features on-chip measurement cir- 
cuitry and digital intelligence capable of calibrat- 
ing to full 12-bit accuracy. In the calibration 
mode, an internal microcontroller and special 
nulling circuitry reduce all errors at the VOUT 
pin to less than ±700|a,V. The controller discon- 
nects the input signal and switches a known 
reference voltage (AGND) to the input of the 
track-and-hold amplifier. This voltage is cap- 
tured on the internal hold capacitor, and a DAC 



is adjusted to remove any error. Thus, all internal 
errors, including dc offset and dynamic errors 
due to charge injection (hold pedestal), are 
trimmed to 12-bit accuracy (732m,V is 1/2 LSB at 
12 bits with a ±SV input signal). During track- 
ing, there may be up to ±20mV of offset 

At power-up, the user must calibrate the device. 
Calibration is achieved by bringing the CAL 
input high with CS low. (In the stand-alone 
mode, CS is grounded, so only the CAL pin 
needs to be pulsed.) Calibration can be similarly 
initiated during operation at any time, thus insur- 
ing accuracy under any conditions. 

During the calibration cycle (which takes about 
4ms to complete) the CALD pin remains low. 
During this period, any load on VOUT must 
remain constant; otherwise, errors could be intro- 
duced which might affect accuracy. Another 
calibration cannot take place until CAL has first 
been latched low by CS and then latched high 
again. If a new calibration is initiated before the 
current calibration is finished, the CSS 112 will 
complete the current calibration before initiating 
the new one. 

Digital Interface 

The CSS 1 12 includes a digital interface designed 
for maximum flexibility. I n a microprocessor- 
controlled application, the CS control input is 




Address 
Bus 



it 







D 


/ 




(S 


CS3112 


N 


Addr 
Dec 


\ 


') 


\ 










\ 
CAL 

RESET / 









a. MPU-ControUed Operation 



b. Independent Operation 



Figure 1. CS3112 Control Connections 
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usually derived from a decoded address as well 
as write and strobe signals from the control bus 
(see Figure la). Calibration initiation thereby in- 
volves writing to the CS3112's address using a 
data bit to control CAL. For microprocessor-in- 
dependent operation, CS is tied low and the digi- 
tal inputs are controlled by externally-latched 
signals (see Figure lb). 

The CS3112's CALD output can be used to 
generate an interrupt indicating that calibration 
has been completed. Alternatively, calibration 
status can be polled in software by connecting 
CALD to the data bus via a three-state buffer. 

Reset 



necessary to reset before calibration, but a reset 
conwnand at power-up will insure that the 
CSS 1 12 does not come up calibrating. 

Power Supplies 

The CSS 112 uses the analog ground voltage 
(AGND) only as a reference voltage. No signal 
or dc power currents flow through the AGND 
connection, and it is completely independent of 
DGND. Both the analog input and output are 
referenced to to the AGND pin internally, and 
this pin needs to be at the same potential as the 
entire system's analog ground plane to minimize 
offset errors induced by noise between the 
AGND pin and the system analog ground. 



The CSS 112 includes a reset function which 
guarantees a predictable state (CAL low) after 
power-up. The CSS 1 12 is reset when the RESET 
pin is high and CS is low simultaneously. Since 
this function can be emulated in software by 
writing a to the CSS 112 when under 
microprocessor control, it is mainly useful when 
operating independently (Figure lb). It is not 



Decoupling should be performed between the 
V+ pin and the V- pin using a 0.1 |iF ceramic 
cap. If significant low frequency noise is present 
on the supplies, a 10|xF tantalum capacitor is 
recommended in parallel with the 0.1 |iF 
capacitor. The decoupling capacitors should be 
placed as close to the CSSllTs power supply 
pins as possible. 



Analog Input o- 



r 



lOuF 



]|^ 




o Hold 



-o Analog Output 



CS3112 -^ 



^Analog Ground 
Calibrate 



-5V 



+5V 



Simple Test Connections - Independent Operation 
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CS3112 



No Connection 

Analog Input 

Negative Power 

Calibration Done 

Reset 

Positive Power 



HOLD 
VOUT 




Hold 

Analog Output 

Analog Ground 

Calibrate 
Chip Select 
Digital Ground 



Analog Input and Output 

VESf - Analog Input, PIN 3 

Analog input to the track-and-hold amplifier. 

VOUT - Analog Output , PIN 13 

Buffered output from the track-and-hold. 



Power Supplies 

V+ - Positive Power, PIN 7 

Most positive supply voltage. Nominally +5 volts. 

V- - Negative Power, PIN 4 

Most negative supply voltage. Nominally -5 volts. 

DGND - Digital Ground, PIN 8 

Digital ground. 

AGND - Analog Ground, PIN 12 

Analog ground reference. 
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^mSS ^ S mm mm CS31 1 2 

Digital Inputs and Outputs 



HOLD - Hold, PIN 14 

A falling transition on this pin switches the track-and-hold amplifier to the hold mode. When 
brought high, the track-and-hold is switched to the track mode, and acquires and then tracks the 
input signal. 

CAL - Calibrate, PIN 10 

When taken high with CS low, initiates a full internal calibration. 

CALD - Calibration Done, PIN 5 

Indicates calibration status. After reset, if CALD is high the device has finished calibration. 
Returns low upon reset or the initiation of calibration. 

CS- Chip Select, PIN 9 

Enables the RESET and CAL digital inputs. 

RESET- Reset, PIN 6 

Sets CAL low internally when held high and CS is strobed low. 
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ERROR DEFINITIONS 



Total Offset - The difference between the analog input voltage and the voltage at the output pin after 
the hold command has been issued and all transients have settled. Applies only in the hold 
mode, not while tracking the analog inputs. Includes all internal offsets, including those due to 
charge injection (hold pedestals). Units in millivolts. 

Nonlinearity - The deviation from a straight line on the plot of output vs input. Nonlinearity is 
specified as the change in Total Offset over the signal range of -3V to +3 V. Units in millivolts. 

Gain Error - Calculated as the difference between the errors resulting from a -3V and a +3V dc input 
signal, relative to a 6V input range. Units in percent of full scale. 



Acquisition Time - The time required after the negation of the hold command (HOLD high) for the 
track-and-hold amplifier to reach its final value to within a specified error band (±0.01% or 
±0.1%). This determines the minimum time allowed before reassertion of the hold command. 
Units in microseconds. 

Track-to-Hold Settling - The time required after the hold command is given for the output buffer 
amplifier to reach its final value to within a specified error band (±0.01%). Includes switch 
delay (aperture) time. Units in microseconds. 

Aperture Time - The delay after the hold command for the sampling switch to open fully. Effectively a 
sampling delay which can be nulled by advancing the sampling signal. Units in nanoseconds. 

Aperture Jitter - The range of variation in the aperture time. Effectively the "sampling window" 
which ultimately dictates the maximum input signal slew rate acceptable for a given accuracy. 
Units in picoseconds. 

Droop Rate - The change in the output voltage over time while in the hold mode. Units in microvolts 
per microsecond. 

Large Signal Bandwidth - The frequency at which the output amplitude is 3dB below the input 
amplitude while tracking a full scale 6V p-p sine wave. Units in megahertz. 

Small Signal Gain Bandwidth - The frequency at which the output amplitude is 3dB below the input 
amplitude while tracking a 60mV p-p sine wave. Units in megahertz. 
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Ordering Guide 



Model 


Acquisition Time 


Temperature Range 


Package 


CS3112-JD 


2.0^is 


O to +70^C 


14-Pin Cerdip 


CS3112-KD 


1.0ms 


0to+70<^C 


14-Pin Cerdip 


CS3112-AD 


2.0ms 


-40to+85°C 


14-Pln Cerdip 


CS3112-BD 


1.0ms 


-40to+85°C 


14-Pln Cerdip 


CS3112-SD 


2.0ms 


-55to+125X 


14-Pln Cerdip 


CS3112-TD 


1.0ms 


-55to+125°C 


14-Pin Cerdip 
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DTMF RECEIVERS 
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DATA ACQ. A/D CONVERTERS - STATICALLY TESTED 



A/D CONVERTERS ■ DYNAMICALLY TESTED 
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FILTERS 



INTRODUCTION 



Ideal for adaptive filtering applications, a family of digitally programmable switched capacitor filters 
provides the user with complete software control over the filter response. 

Virtually any audioband filter response of eighth order or below is obtained by writing digital 
configuration coefficients to on-chip registers through a standard microprocessor interface. The chip 
can also load itself by reading coefficients directly from memory. Accuracy of a filter response is 
typically within 1 percent of the calculated value (for comer frequencies) and dynamic range is a 
minimum of 72 dB. Bandwidth varies depending upon the transfer function implemented, but can 
extend from to 50 kHz. Anti-aliasing, smoothing and input gain control are supported with on-chip 
uncommited operational amplifiers. 

The user is provided instant feedback on filter performance in his system by the Crystal-ICE filter 
development system. The PC-based design tool includes filter synthesis software and an in-circuit 
hardware emulator. 

USER'S GUIDE 



Device: 


CS7008 


CS7004 


Frequency Range 
Dynamic Range 
Maximum Filter Order 
Power Dissipation 
Package 


5Hz to 20kHz 
72 dB 

8th 

180 mW 

28 pin DIP 


5Hz to 20kHz 
72 dB 

4th 

100 mW 

28 pin DIP 



CONTENTS 



CS7008 Universal Filter 
CS7004 2-Biquad Filter 
CDS7000 ICE Development System 
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Digitally Configurable Universal Filter 

General Description 

The CS7008 is fabricated in CMOS using Crystal's 
SMART Analog^" design techniques. It is a digitally con- 
figurable switched capacitor filter capable of providing the 
system designer with virtually any precisely defined, audio- 
band, even-order filter response of eighth order or below. 
An efficient microprocessor interface permits in-system 
reconfiguration of the filter response and cost-effective 
system design. Access to two operational amplifiers is also 
provided for use as antialiasing and smoothing filters if 
desired. 

System design is supported by the CRYSTAL-ICE Filter 
Development System. The development system consists 
of hardware and software for use with an IBM PC and 
provides in-circuit emulation of the CS7008. 

ORDERING INFORMATION 

CS7008-P - 28 Pin Plastic. 0°C to 70' C 

CS7008-ID-28PinCerDIP. -40 'C to +85 °C 

CS7008-MD-28 Pin CerDIP, -55 "C to +125X 



Features 

• Digitally Programmable to Obtain Even- 
Order Audio-Band Filters of Eighth 
Order or Below 

• Dynamically Configurable for Adaptive 
Filtering Applications 

• Microprocessor Compatible Digital 
Interface 

•Two User Configurable Op Amps for 
Antialiasing and Smoothing 

• Supported by CRYSTAL-ICE Filter 
Development System 

• Low Power CMOS 



Block Diagram 



A- 



A+ o- 
AOUTc^ 




BOUT- 



B- 
B+c2- 




CAPACITORS 



SWITCH MATRIX 



BIOUAD 
1 



ft 



BIQUAD 

2 



ADDRESS 
BUFFER AND 
COUNTER 



BIQUAD 

3 



6 / 



CONTROL 
LOGIC 



■=io FOUT 



BIQUAD 

4 



^nnnr mtt ttTT 



DATA 
BUFFER 




POWER 

ON 
RESET 



OSCILLATOR 
& DIVIDE 



20 - 25 

AO - A5 



O 8ll4 18l \ 02-17 ^J 5 



RESET CS RyW MODE DO - D5 



CLK 
IN 



26^ 
XIN 



28J 
V 



GND V-t- 



Preliminary Product Information 



This document contains data for a new product. Crystal Semiconductor 
reserves the right to modify this product without notice. 
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Crystal Semiconductor Corporation 

P.O. Box 17847, Austin, Texas 78760 
(512)445-7222 TWX:9 10-874-1352 



CS7008 



TYPICAL FREQUENCY RESPONSE 

The CS7008 is completely software programmable for type, order and response curve of the desired filter. 
Here are some examples: 



dBs 



■20 

s 
-40 I- 

-60 

-80 



dBs 



-20 

J 
-40 

-60 



vr\. 



10.00 20.00 30.00 
Frequency (kHz) 

Elliptic Low-Pass 



40.00 50.00 



20.00 30.00 40.00 
Frequency (kHz) 



50.00 



Chebyshev I High-Pass 



dBs 




dBs 




1.20 2.40 3.60 ' 
Frequency (kHz) 

Butterworth Bandpass 



10.00 



20.00 30.00 
Frequency (kHz) 



40.00 50.00 



Chebyshev II Band-Stop 



GENERAL INFORMATION ON FILTER CHARACTERISTICS 

Due to the universal nature of the CS7008, most filter specifications are transfer function dependent to some 
degree. It is recommended that the user characterize the device for the transfer function or functions to be 
implemented. Since the matching of filter characteristics from device to device is excellent, filter characteristics 
specific to a transfer function will apply to all CS7008's within the limits indicated in the section on typical device 
performance. Stability of filter characteristics over temperature is also excellent, so performance specific to a 
particular transfer function will vary little over the full temperature range specified. 
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ANALOG CHARACTERISTICS-FILTER (Ta = 25° c, v+ = s.ov. v = 5.0V, gnd = ov) 
Transfer Function Dependent Specifications.. 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Dynamic Range (Note1) 




72 






dB 


Output Noise (Note 1) 








480 


uVrms 


Signal to THD AIN = 6.75 kHz, Vi= ±2.75 Vpeak(Note 1) 




50 


55 




dS 


Device to Device Phase Matching (Note 1 ) 






±3 




Degrees 


Device to Device Gain Matching (Note 1) 






±1 




dB 


DC Output Offset (Note1) 


Voo 




TBD 






Power Supply Rejection Ratio (Note 1 ) 






TBD 




dB 


Filter Cutoff Frequency (E damping) 




1.0 


20,000 


TBD 


Hz 


Filter Cutoff Frequency (F damping) 




1.0 


25,000 


TBD 


Hz 


Input Voltage Range 


V| 


- 3.0 




3.0 


Vpeak 


Output Voltage Swing THD - -50 dB 


Vo 


- 2.75 




2.75 


Vpeak 



Note: 1 . All specifications in this section apply to the CS7008 configured with an 8th order Chebyshev II band- 
pass transfer function (-1 dB cutoff frequencies of 6.4 kHz and 13 kHz, f osc = 1 .038 MHz and 
fs = 173kHz, Edannping). Measurement bandwidth: 10Hzto30kHz. See appendix for detailed 
capacitor values. 



Typical Performance Characteristics: 

The final production revision of the CS7008 is in the process of being characterized as this data goes to press. 
Characterization Is being done for both 8th order transfer functions and for a single biquad. Contact the Factory 
for the latest Information. 



ANALOG CHARACTERISTICS - AUXILIARY AMPLIFIERS 

( Ta = 25^ C, V-H = S.OV, V- = -S.OV, GND = OV) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


DC Open Loop Gain (Note 2) 


A VOL 


- 


78 


- 


dB 


Gain Bandwidth Product (Note 2) 


G BW 


- 


1.0 


- 


MHz 


Input Offset Voltage 


V,o 


- 


25 


- 


mV 


Output Swing (Note 2) 


Vo(P-P) 


- 3.5 


- 


3.5 


Vpeak 


Output Short Circuit Current 


los 


- 


0.5 


- 


mA 


Common Mode Range (Note 2) 


VCM 


- 3.5 


- 


3.5 


Vpeak 


Common Mode Rejection Ratio (Note 3) 


CMRR 


- 


60 


- 


dB 


Slew Rate (Note 4) 


SR 


- 


2.0 


- 


V/us 



Notes: 2. Rl=1 MCI. 

3. fo = 60 Hz. 

4. Rl = 1 Mn, Cl = 20 pF. 
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ANALOG CHARACTERISTICS-FILTER (Ta = 25° c, v+ = 5.0V, v- = -5.0V, gnd = ov) 
Specifications independent of filter order and transfer function. 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Power Consumption 






180 




mW 


Clock Feedthrough 






40 




mVp.p 



SWITCHING CHARACTERISTICS 

(Ta = 25° C, V+ = 5.0V, V- = -5.0V, GND = OV) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Output Rise Time (Note 5) 


t riseout 


- 


15 


20 


ns 


Output Fall Time (Note 5) 


t fallout 


- 


15 


20 


ns 


Input Rise Time 


t risein 


- 


20 


1000 


ns 


Input Fall Time 


^ fallin 


- 


20 


1000 


ns 



Note: 5. 50 pF load (includes probe and jig capacitance). 



2.0 V 
0.8 V 




\ 


tfallin 


\ 






\ 



riseout 




\ 


tfallout 


\ 




\ 



2.4 V 
0.4 V 



SWITCHING CHARACTERISTICS Writing to the CS7008 

.(Ta = 25^ 0, V+ = 5.0V, V- = -5.0V. GND = OV). 






Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Address-Write Set-Up Time 


^saw 


100 


- ' 


- 


ns 


Address-Write Hold Time 


^haw 





- 


- 


ns 


Write Pulse-Width Low 


twwr 


200 


- 


- 


ns 


Data-Write Set-Up Time (Note 6) 


Udw 


200 


- 


- , 


ns 


Data-Write Hold Time 


^hdw 





- 


- 


ns 


Write-Chip Select Set-Up Time 


^sws 





- 


- 


ns 


Write-Chip Select Hold Time 


^hws 





- 


- 


ns 



Note: 6. Mininnum tinne required for data to be valid while write pulse is low. 
A0-A5 S?99999^ 4 < ADDRESS VALID AND STABLE 



thaw 



>f^^^^^ 



cs 



R/w v>6<yxw^ 



>^ 



twwr 



H — thws" 



M^99<^<^<^<^ 



- tsdw- 



-thdw 



D0-D5 -<><X><><><^^^ DATA VALID ^«?9999999^^ 
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SWITCHING CHARACTERISTICS Reading from the CS7008 

.(Ta = 25° C, V+ = 5.0V, V- = -5.0V, GND = OV) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Address-Read Set-Up Time 


tsar 





- 


- 


ns 


Address-Read Hold Time 


thar 





- 


- 


ns 


Read Enable to Read Stable Hold Time 


^sres 





- 


- 


ns 


Read Enable to Read Stable Hold Time 


thres 





- 


- 


ns 


Read Strobe to Data Valid Delay 


tdsdv 


350 


- 


- 


ns 


Read Strobe Data Valid Hold Time 


thsdv 





- 


- 


ns 



A0-A5 ^^^H<z: 

tsar— »i }— tdsdv 

CS N^T 



ts 



ADDRESS VALID AND STABLE 



^ ^^^s^^;s;>9^^ 



D0-D5 ^^^^^^^K 



thar- 



thres- 



Z>i^^^^^^^ 



- thsdv 



'-^I ^^^^^^^XXXXXX^^'X'^ 



DATA VALID 



:>^^^^^m 



SWITCHING CHARACTERISTICS Reading from external ROiUI 

(Ta. = 25° C, V + = 5.0V, V- = -5.0V, GND = OV, fOSC = 1.5 MHz, CLKDIV = 1) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Auto-Address to Write Set-Up (Note 7) 


tsaaw 


667 


- 


- 


ns 


R/W Pulse Width (Note 8) 


trw 


- 


1667 


- 


ns 


Data Valid After R/W Goes High 


tdh 





- 


- 


ns 


ROM Access Time (Note 9) 


ta 


- 


- 


1133 


ns 



Notes: 7. Time equal to 1 clock cycle. 

8. Time equal to 2.5 clock cycles. 

9. Maximum allowable ROM output delay (Time equal to 1 elk cycle + (1 elk cycle - 200 ns)). 




CLKIN 



7 v_7 v_y v_7 \ / \ r 



A0.A5 666666^ 

I tsaaw 



ADDRESS VALID AND STABLE 



><^^^^^ 



R/W 



-L 



-t. 



D0-D5 >0<X>C<X><>C>0<><X><><X>^^ VALID > k$ <X>C>C>0<>0O<X>^^ 



^dh 
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CLOCK SPECIFICATIONS (Ta = 25« c, v+ = s.ov, v- = -s.ov, gnd = ov) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Oscillator Frequency Range 


bsc 




TBD 


4.0 


MHz 


Oscillator Duty Cycle 




40 




60 


% 


Sampling Frequency Range 


fe 






250 


kHz 



DIGITAL CHARACTERISTICS (Ta = 25- c. V4 


■ = 5.0V, V- = 


-S.OV. GND 


= 0V). 




Parameter 


Symbol 


MIn 


Typ 


Max 


Units 


High-level Input Voltage Except Pin 7 


V.H 


2.0 




- 


V 


Pin 7 only 




70% V+ 




- 


V 


Low-Level Input Voltage Except Pin 7 


V,L 






0.8 


V 


Pin 7 only 




- 




30% V+ 


V 


High-Level Output Voltage (Note 1 0) 


VoH 


2.4 




- 


V 


Low-Level Output Voltage (Note 1 0) 


Vol 


- 




0.4 


V 


Input Leakage Current 




- 




10 


uA 


Three-State Leakage Current 




- 10 




10 


uA 



Note: 1 0. Digital outputs will output CMOS logic levels into a CMOS load. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Positive Supply 


v+ 


4.75 


5.0 


5.25 


Volts 


Negative Supply 


V- 


- 4.75 


- 5.0 


- 5.25 


Volts 


Ambient Operating Temperature 


-P 

-ID 

-MD 


■^A 



-40 
-55 




70 
+85 
+125 


°C 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Symbol 


Min 


Max 


Units 


DC Supplies Positive 

Negative 


v+ 

V- 


- 0.3 
+ 0.3 


+6.0 
-6.0 


Volts 


Input Voltage 


Vin 


V- - 0.3 


V+ + 0.3 


Volts 


Input Current. Any Pin (Note 11) 


I in 


- 


10 


mA 


Power Dissipation 


Pd 


- 


500 


mW 


Ambient Operating Temperature -P 

-ID 
-MD 


Ta 



-40 
-55 


70 
+85 
+125 


°C 


Storage Temperature 


Tstg 


- 65 


150 


°C 



WARNING: Operation at or beyond these limits may result in permanent damage to the device. Normal 
operation of the part is not guaranteed at these extremes. 

Note: 1 1 . Transient currents of up to 1 00mA will not cause SCR latch up. 
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THEORY OF OPERATION 



Clock 



The CS7008 is a programmable universal filter 
consisting of four separate biquadratic filter 
sections, any one of which is independently 
programmable to obtain high-pass, low-pass, 
band-pass, band-reject, notch, high-pass notch, 
low-pass notch, or all-pass filter functions. 
Almost any audio band, even order (eighth order 
or below) filter can be obtained. The biquad 
filter sections can be cascaded using 1, 2, 3, or 4 
sections to achieve 2nd, 4th, 6th, or 8th order 
filters. The CS7008 filter configurations can be 
dynamically controlled by a microprocessor or, 
in the self-program mode, a fixed set of filter 
coefficients can be read by the CS7008 from an 
external ROM. 



As with any sampled data system, the maximum 
signal frequency that can be effectively sampled, 
processed, and reconstructed is the Nyquist 
frequency, fS/2. As filter cutoff frequencies 
approach the Nyquist frequency, several things 
happen: 

a) Sin(x)/x distortion increases and requires 
compensation, 

b) Antialiasing and reconstruction filter com- 
plexity increases, 

c) CS7008 coefficients are larger and coefficient 
truncation effects are minimized. 



Filter design is supported by the CRYSTAL-ICE 
(In Circuit Emulator) Filter Development 
System. The CRYSTAL-ICE package includes 
software that generates the coefficients for the 
CS7008. The user specifies the filter parameters 
in terms of transition frequencies and their 
respective magnitudes. The system provides an 
interface through which coefficients can 
be down-loaded to an in-circuit CS7008. 
CRYSTAL-ICE supports development of low- 
pass, high-pass, band-pass, and band-stop filters. 
Butterworth, Chebyshev I and II, and elliptic 
(Cauer) filter responses are attainable. 

Configuration Information 

The CS7008 must be loaded with valid data 
before the filter will function. The data consists 
of a clock divide code, (cdc), capacitor coeffi- 
cients, a configuration code for each biquad 
required, (conf), and a biquad arrangement code, 
(barr). Information on each of these parameters 
is provided in subsequent sections. The Address 
Map shows how the data must be arranged for 
loading into the CS7008. 



To minimize the unfavorable effects of sin(x)/x 
distortion, and reduce antialiasing and 
reconstruction filter complexity, the sampling 
frequency, fS, should be at least 10 times higher 
than the signal's highest frequency of interest. 
Crystal recommends an oversampling ratio of 20 
to 30. Such oversampling ratios usually provide 
acceptable capacitor values, negate sin(x)/x dis- 
tortion, and reduce antialiasing filter complexity. 

When an acceptable fS for a particular 
application has been determined, the required 
oscillator frequency, fOSC, can be derived from 
Equation 1. 

fosc = fs X 6 X CLKDIV 
Equation 1. 

The maximum sampling frequency for the 
CS7008 is 250 kHz. CLKDIV corresponds to the 
clock divide code, (cdc), which is loaded into the 
memory of the CS7008 and sets an internal 
clock divide. If the oscillator frequency exceeds 
1.5 MHz, CLKDIV must be set so fS does not 
exceed 250 kHz. Permissible CLKDIVs are; 
1, 2, 4, 8, 16, 32, 64, and 128. The clock divide 
code is loaded at address 30 (IE hex). See 
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Table 2 for more information. Note that for a 
given filter configuration, a change in fS will 
result in a proportional change in the filter's pass 
band frequencies, but the filter Q will remain the 
same. 

Signal Input and Output 

To achieve optimum performance, the largest 
input signal amplitudes should be adjusted to 
approach the device's maximum input level. 
Larger input signals take advantage of the 
dynamic range of the device, thereby maxi- 
mizing the signal to noise ratio. An antialiasing 
filter may be required at the input. The input op 
amp (op amp A) can be used to perform this low- 
pass filtering function. 

The output signal is a 100% duty cycle PAM 
(staircase) signal, constructed at the sampling 
frequency, fS. The uncommitted op amp (op amp 
B) can be configured as a smoothing filter for the 
output signal. 

Data Input/Output 

The CS7008 contains six address lines, A0-A5, 
and six data lines, DO -D5. Since the data bus is 
six bits, all references to a "byte" refer to a six 
bit byte. Some of the bytes needed to configure 
the CS7008 do not use all six bits. In these cases 
the unused bits are the most significant bits and 
are considered "don't cares" (x) when written. 



When reading from the CS7008, unused bits 
should be masked off. The CS7008 can be 
loaded by a microprocessor or from external 
ROM by an automatic "self-programming" 
routine contained in the CS7008. The MODE pin 
determines whether the CS7008 is in the 
microprocessor mode (MODE = GND) or the 
self-programming mode (MODE = ¥+). In the 
self-programming mode, the CS7008 sequen- 
tially addresses an extemal ROM where filter 
coefficients are stored. The RAV pin is used to 
enable the ROM's outputs and an internally 
generated strobe clocks the data into the 
CS7008's registers. 

In the microprocessor mode, a microprocessor 
controls memory access. When RAV is at logic 0, 
data is clocked into the memory of the CS7008 
on the negative transition of CS and is latched on 
the positive transition of CS. 

Data may also be read from the memory of the 
CS7008. This is accomplished by holding the 
read/write control pin, R/W, at logic 1 and 
setting the chip select pin, CS, to logic as a 
strobe. Refer to the Timing Diagrams of Figures 
1, 2 and 3 for details. 

Biquads 

Each biquad consists of two capacitor arrays 
which are connected to two op amps through a 
series of switches, as shown by the block 




CAPACITOR ARRAY 1 



INPUT - 



coefficient! — \ 

RAM 



TTT 



SEQUENCER 



TTT 



coefficient^ 

RAM 



ra 



CAPACITOR ARRAY 2 



SWITCH 
MATRIX 




OUTPUT 



SWITCH TIMING 
CLOCK GENERATOR 



Figure 5. - Block Diagram of a Single Biquad 
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diagram in Figure 5. The capacitor coefficients 
determine the configuration of the capacitor 
array's switch matrix. As a signal is switched 
through a biquad, the desired value of 
capacitance is selected by the appropriate 
configuration of the switch matrix. After a 
charge has been switched through the selected 
capacitor, the capacitor array is grounded, 
discharging the array to prepare it for the next 
switch configuration. 

Each biquad section is capable of implementing 
z-domain biquadratic transfer functions of the 
form: 



H(z) = 



Y+£z" ^ + 5z"^ 



1 + az"^ + pz"^ 
Equation 2. 



Note that Equation 3 is equivalent to Equation 2. 

Equation 3 is solved to obtain the coefficients A 
through J. For optimal dynamic range, the signal 
level of both biquad op amps is important. Equa- 
tion 4 gives the transfer function from the input 
to the output of the first op amp. 

V; ^ (I-Jz'b(C+E-Ez'b - (G-Hz'b(F+B-Bz'^) 
Vin Az"^(C+E-Ez"^) + D(l-z'^)(F+B-Bz'^) 

Equation 4. 

The dynamic range of both biquad op amps 
should be maximized by modifying capacitors A 
and D so that the maximum voltage swing is 
achieved through the biquad (i.e., both op amps 
swing 5.5 V p-p, max). 



The circuit representing the general active-SC 
biquad used in the CS7008 is shown in Figure 6. 
The z-domain transfer function for this circuit is: 



V( 



out 



= Az"\G-Hz"VD(l-z"b(I-Jz"b 
' Az"\c+E-Ez'^) + D(l-z"^)(F+B-Bz'b 



Equation 3. 



Capacitor groups (C, D, E, G, H) and (A, B, F, I, 
J) can be independently scaled without affecting 
the transfer function. The capacitors are 
programmed to 11 bit resolution allowing 
equivalent capacitor values to range from to 
2047. In the CS7008, capacitors B and D are 
fixed at equivalent values of 1024; therefore, the 



Vin o 




o Vout 



Figure 6. - General Active Switched Capacitor Biquad Filter 
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two capacitor groups listed above must be 
normalized so that B and D are 1024. 



for a capacitor is the binary value, converted to 
decimal. 



If any of the equivalent capacitor values of the 
first group, (C, D, E, G, H), exceed the maxi- 
mum value of 2047 when normalized, A and D 
can be scaled to achieve the transfer function. 
This dynamic range scaling causes V to increase 
with respect to V. In this case, the input signal to 
the filter must be limited proportionately to 
prevent clipping at the output of the first op amp. 

Figure 7 is an excerpt of Figure 6 showing the 
programmable capacitor A, in detail. All 
programmable capacitors are of this form. The 
following illustrates how to program a capacitor. 
In Figure 7, the numbers above the individual 
capacitors that make up A are the unit capacitor 
values (1024, 512, 256, etc.). The numbers 
below the capacitors are the individual bit 
positions (blO = most significant bit, bO = least 
significant bit). Figure 7 shows the switches 
programmed for a binary value of 10010001101 
which, when adding the unit capacitor values, 
gives capacitor A the equivalent value of 1165 (= 
1024 +128 + 8 + 4+1). The equivalent value 




The 11 bit capacitor coefficients must be split 
into two bytes to load the CS7008. To load this 
capacitor. A, into biquad 1, the lower five bits, 
01101 (decimal 13), would be loaded at address 
location and the upper six bits, 100100 
(decimal 36), would be loaded at address 
location 1. The Address Map lists all the address 
locations for all the capacitors in each biquad. 

Possible configurations of the biquads in the 
CS7008 allow either E or F damping, and J or H 
input capacitors. Each biquad has a configuration 
byte, "conf, that determines how the memory 
locations E/F, CE/C, and J/H are to be used. 

One biquad configuration requires additional 
consideration. If E damping is selected for a 
particular biquad, the value of the E capacitor 
must be added to the C capacitor for the biquad 
to function properly. For this case, the C 
capacitor is referred to as "CE", and is loaded 
into the memory location for CE/C (=CE). The 
value of the E capacitor must still be loaded into 



Hf 



(B) 



r^ 




256. _ 128__ 641 321 16_ 
b8 b7 b6 b5 b4 



rx 



= (A) 



o\p 9 \ y 9 9 \ ?T ?T T? 1? ?T T 



1024 



(D) 



P 




T" 



Ar 



Figure 7. - Equivalent Capacitor Arrangement 
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the E/F (=E) memory location. No special 
consideration is necessary for F damping, i.e., 
the values of C and F are loaded into locations 
for CE/C (=C) and E/F (=F) respectively. See 
Table 1 for more information on biquad 
configuration. For more information regarding 
the transfer function in Equation 3, consult the 
text, "Modem Filter Design" by M. S. Ghausi 
and K. R. Laker, published by Prentice-Hall. 

Cascading Biquads 
(Biquad Arrangement Code) 

The biquad sections can be cascaded allowing 
the user to define 2nd, 4th, 6th, or 8th order 
filters. Permissible biquad configurations are 
shown in Figure 4. The biquad arrangement 
code, barr, is an 11 bit word which determines 
which biquad sections are connected between the 
analog input and the analog output, FOUT. The 
arrangement code is divided into two bytes 
located at address 62, barr (low byte), and 63, 
barr (high byte). Valid barr codes are given in 
Table 3. 

When developing higher order filters (fourth 
order and above), certain implementations 
require biquad section(s) with gains exceeding 
unity, even though the overall filter response 
does not have any gain. Excessive gain in one 
section could saturate the amplifiers, distorting 
the signal. In all cases, care must be taken in 
arranging biquad coefficient groups so signals do 
not clip. An example of this is a high Q, low- 
pass filter cascaded with a low Q, low-pass filter 
which has a lower cutoff frequency. In this situa- 
tion, the biquad coefficient groups must be 
arranged so that the high gain of the high Q 
section(s) is preceded by the low Q, lower cutoff 
section(s) which attenuates the signal at those 
frequencies where gain is a problem in 
subsequent biquads. For filters of 6th order and 
below, the additional biquad(s) can be used in 
cascade for sin(x)/x compensation or phase 
linearization. 



Op Amps 

Two op amps are provided on the CS7008. The 
output of op amp A is connected to the biquad 
filter input. This op amp must be used for signal 
input and can be configured for antialiasing and 
input gain. Op amp B is uncommitted and can be 
applied as the user wishes. 

Power Supplies 

Typical power supplies are V+ = +5 volts, V- = 
-5 volts and GND = volts. Since the device's 
analog and digital grounds share the same pin, 
this pin should be isolated from all other digital 
grounds whenever possible, to prevent noise 
from interfering with the analog circuitry. 
Always decouple the V- and V+ power supply 
pins to the analog ground (GND) with 0.1 joF 
ceramic capacitors. These capacitors should be 
situated as close to the device as possible. 

High-Frequency Applications 

Filter performance is specified for frequencies up 
to 20 kHz. 

However, the CS7008 is capable of handling 
transfer functions for frequencies well in excess 
of 20 kHz. 
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ADDRESS MAP 



ADDRESS 




Biquad 


Capacitor 




#of 




binary 


hex < 


dec 


# 


or Code 


byte 


bits 


Comments 


000000 


00 


00 


1 


A 


Low 


5 




000001 


01 


01 


1 


A 


High 


6 




000010 


02 


02 


1 


E/F * 


Low 


5 




000011 


03 


03 


1 


E/F* 


High 


6 




000100 


04 


04 


1 


CE/C* 


Low 


5 


OE - E Damping 


000101 


05 


05 


1 


CE/C* 

* 


High 


6 


C-F Damping 


000110 
000111 


06 
07 


06 
07 


1 


conf 




2 


Configuration Byte 




ii 






Not Used 


001000 


08 


08 


1 


J/H 


Low 


5 




001001 


09 


09 


1 


J/H * 


High 


6 




001010 


OA 


10 


1 


1 


Low 


5 




001011 


OB 


11 


1 


1 


High 


6 




001100 


oc 


12 


1 


G 


Low 


5 




001101 


OD 


13 


1 


G 


High 


6 




001110 


OE 


14 










Not Used 
Not Used 


001111 


V/l— 

OF 


15 






010000 


10 


16 


2 


A 


Low 


5 




010001 


11 


17 


2 


A 


High 


6 




010010 


12 


18 


2 


E/F* 


Low 


5 




010011 


13 


19 


2 


E/F* 


High 


6 




010100 


14 


20 


2 


CE/C* 


Low 


5 


CE - E Damping 


010101 


15 


21 


2 


CE/C* 


High 


6 


C-F Damping 


010110 
010111 


16 
17 


22 
23 


2 


conf * 




2 


Configuration Byte 
Not Used 




. 






011000 


18 


24 


2 


J/H * 


Low 


5 




011001 


19 


25 


2 


J/H * 


High 


6 




011010 


1A 


26 


2 


1 


Low 


5 




011011 


IB 


27 


2 


1 


High 


6 




011100 


1C 


28 


2 


G 


Low 


5 




011101 


ID 


29 


2 


G 


High 


6 




011110 


IE 


30 




cdc^ 




3 


Clock Divide Code 


011111 


IF 


31 










Not Used 





^ Configuration byte determines which capacitor to use. See Table 1. 
t See Table 2. 
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ADDRESS MAP, CONT. 




ADDRESS 




Biquad Capacitor 




#of 




binary 


hex. 


dec. 


# 


or Code 


byte 


bits 


Comments 


100000 


20 


32 


3 


A 


Low 


5 




100001 


21 


33 


3 


A 


High 


6 




100010 


22 


34 


3 


E/F* 


Low 


5 




100011 


23 


35 


3 


E/F* 


High 


6 




100100 


24 


36 


3 


CE/C* 

If 


Low 


5 


CE - E Damping 


100101 


25 


37 


3 


CE/C 


High 


6 


C- F Damping 


100110 
100111 


26 
27 


38 
39 


3 


conf 




2 


Configuration Byte 




* 






Not Used 


101000 


28 


40 


3 


J/H, 


Low 


5 




101001 


29 


41 


3 


J/H 


High 


6 




101010 


2A 


42 


3 


1 


Low 


5 




101011 


2B 


43 


3 


1 


High 


6 




101100 


2C 


44 


3 


G 


Low 


5 




101101 


2D 


45 


3 


G 


High 


6 




101110 


2E 


46 


* 








Not Used 






' * * 


' * ' ' 


101111 


2F 


47 










Not Used 




110000 


30 


48 


4 


A 


Low 


5 




110001 


31 


49 


4 


A 


High 


6 




110010 


32 


50 


4 


E/F* 


Low 


5 




110011 


33 


51 


4 


E/F* 


High 


6 




110100 


34 


52 


4 


CE/C* 


Low 


5 


CE - E Damping 


110101 


35 


53 


4 


CE/C, 


High 


6 


C- F Damping 


110110 
110111 


36 
37 


54 
55 


4 


conf 


Low 


2 


Configuration Byte 




* 






Not Used 


111000 


38 


56 


4 


J/H , 


Low 


5 




111001 


39 


57 


4 


J/H 


High 


6 




111010 


3A 


58 


4 


1 


Low 


5 




111011 


3B 


59 


4 


1 


High 


6 




111100 


3C 


60 


4 


G 


Low 


5 




111101 


3D 


61 


4 


G 


High 


6 




111110 


3E 


62 




barr' 


Low 


6 


Biquad Arrangement 


111111 


3F 


63 


L 


barr' 


High 


5 


Biquad Arrangement 



* See Table 1. 
t See Table 3. 
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TABLE 1. 


- BIQUAD CONFIGURATION CODES: conf 


D1 


DO 


J/H 


E/F 


CE/C 


Comments 





1 
1 




1 


1 


J 
J 
H 
H 


E 
F 

E 
F 


CE 
C 
CE 
C 


J input cap. with E damping. CE = C + E * 
J input cap. witli F damping. 
H input cap. with E damping. CE = C + E * 
H input cap. with F damping. 



* See "Biquads" section for more information on CE/C. 



TABLE 2. - CLOCK DIVIDE CODES: cdc 



D2 


D1 


DO 


cdc 


CLKDIV 














1 








1 


1 


2 





1 





2 


4 





1 


1 


3 


8 


1 








4 


16 


1 





1 


5 


32 


1 


1 





6 


64 


1 


1 


1 


7 


128 



Note: CLKDIV = 2 



iCdc 



Oscillator Frequency = fQSC 
Sample Frequency = \^ 

fosc 



fc = 



6 X CLKDIV 



TABLE 3. - BIQUAD ARRANGEMENT CODES: barr 


barr (low byte) 

Address 3E 

binary hex. dec. 


barr (high byte) 

Address 3F 

binary hex. dec. 


Configuration 


000000 00 00 
000000 00 00 
101000 28 40 
100101 25 37 


011000 18 24 
010101 15 21 
010100 14 20 
010100 14 20 


Input _ 
Input. 
Input. 
Input. 




1 1 — Output 


Biquad 1 BIquad 2 Biquad 3 


Biquad 4 


1 1 — 


, Output 

1 1 


Biquad 1 Biquad 2 Biquad 3 


JBiquad 4 


r-™— 1 r— 


, — Output 

— 1 1 


Biquad 1 Biquad 2 Biquad 3 


Biquad 4 


1 1 1 1 1 — 


, — Output 

— 1 1 


Biquad 1 Biquad 2 Biquad 3 


Biquad 4 
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PIN DESCRIPTIONS 



POSITIVE POWER SUPPLY 


V+ c 1 "^ 


-^ 2. 


dV- 


NEGATIVE POWER SUPPLY 


FILTER OUTPUT 


POUT c 2 


27 


1 CLKIN 


CRYSTAL OR 


INVERTING INPUT OF OP AMP "B" 


B+C 


3 


26 


dxin 


OSCILLATOR CONNECTIONS 


NONINVERTING INPUT OF OP AMP "B" 


B- d* 


25 


dA5 


ADDRESS LINE 


OP AMP "B" OUTPUT 


BOUTc 


5 


24 


DA4 


ADDRESS LINE 


GROUND 


GND C 


6 


23 


DAS 


ADDRESS LINE 




MODE C 


7 


22 


DA2 


ADDRESS LINE 




RESET d 


6 


21 


DA1 


ADDRESS LINE 


OP AMP "A" OUTPUT 


AOUTc 


9 


20 


DAO 


ADDRESS LINE 


INVERTING INPUT OF OP AMP "A" 


A- C 


10 




DCS 


CHIP SELECT 


NONINVERTING INPUT OF OP AMP "A" 


A+ C 


11 




DR/W 


READ/WRITE CONTROL 


DATA LINE 


DOc 


12 




DD5 


DATA LINE 


DATA LINE 


D1 C 


13 




DD4 


DATA LINE 


DATA LINE 


02 C 


U 




DD3 


DATA LINE 



Power Supplies 

V+ - Positive Power Supply, Pin 1 

Most positive supply, typically +5 volts. 

V- - Negative Power Supply, Pin 28 

Most Negative Supply, typically -5 volts. 

GND - Ground, Pin 6 

Both analog and digital grounds are connected to this pin, which is typically held at volts. 
This pin should be isolated from other digital grounds whenever possible to reduce noise in the 
analog circuits of the CS7008. 



Oscillator 

XIN, CLKIN . Oscillator Inputs, Pins 26 and 27. 

A crystal connected across these pins sets the frequency of the internal oscillator. An externally 
generated clock may be connected to CLKIN, pin 27, which is TTL compatible. 



Op Amps 

A- - Inverting Input of Op Amp A, Pin 10. 

Inverting input of an op amp whose output is connected to the biquad filter input. This op amp 
is used to buffer signals to the CS7008 for filtering. 

A+ - Noninverting Input of Op Amp A, Pin 11. 

Noninverting input of an op amp whose output is connected to the biquad filter input. This op 
amp is used to buffer signals to the CS7008 for filtering. 
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AOUT - Output of Op Amp A, Pin 9. 

This pin is also connected to the input of the biquad filter. 

B- - Inverting Input of Op Amp B, Pin 4. 

Inverting input of the uncommitted op amp. 

B+ - Noninverting Input of Op Amp B, Pin 3. 

Noninverting input of the uncommitted op amp. 

BOUT - Output of Op Amp B, Pin 5. 

Output of the uncommitted op amp. 



Inputs 

MODE - Pin 7. 

Setting the mode pin to V+ places the CS7008 in the self-programming mode. In the 
self-programming mode, the CS7008 executes an internal routine to read data from an external 
ROM upon power up or reset. Setting the mode pin to GND configures the CS7008 to be 
controlled by a microprocessor. 



RESET . Pin 8. 

For normal operation, the RESET should be held at V+. Setting the RESET to GND w ill halt 
operation. If MODE = V+, the self-programming routine wil l be initi ated when RESET returns 
to V+. If MODE = GND, normal operation will resume when RESET returns to V+. 

R/W - Read/Write Control, Pin 18. 

A TTL compatible input/output used for memory accessjo the CS7008. When the CS7008 is jn 
the microprocessor interface mode (MODE = GND), RAV serves as a write enable. When RAV 
is at a logic 0, data is clocked into the CS7008's memory on the negative transition of CS, and 
is latched on the positive transition of CS. 

In the self-program mode (MODE = V+), R/W is used to enable the ROM's outputs and clock 
data_into the CS7008's registers. Data can be read from the memory of the CS7008 by holding 
R/W at logic 1, and taking chip select, CS, to logic 0. 

CS- Chip Select, Pin 19. 

A TTL compatible input used for memory access. In the microprocessor interface mode 
(MODE = GND), CS goes low providing a strobe to clock data into the CS7008's data registers, 
provided R/W is at logic 0. Data is latched on the positive transition of CS. The data bus is in a 
high-impedance state while CS is held high. 

In the self-programming mode (MODE = V+), CS serves no function and should be tied to V+ 
with a 100 kQ resistor. The necessary strobes are internally generated by the CS7008. 
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DO-DS - Data Inputs, Pins 12 -17. 

The data bus uses six pins, and is TTL compatible. It is bidirectional, allowing data to be 
transferred to and from memory. Pullup resistors must be used on the data pins if they are not 
continually driven (bus in high-impedance state). 20 kQ resistors are adequate. 

A0-A5 - Address Inputs, Pins 20 -25. 

Six pins are used for the address bus, providing 64 addresses. This bus is bidirectional, allowing 
data to be written to the memory address specified on these pins when the CS7008 is in the 
microprocessor interface mode (MODE = GND). Pullup resistors must be used on the address 
pins if they are not continually driven (bus in high-impedance state). 20 kQ resistors are 
adequate. In the self-programming mode, addresses are output to the external ROM. 



Output 

FOUT - Biquad Filter Output, Pin 2. 

The filtered signal is reconstructed as a staircase waveform (100% duty cycle PAM), at the 
sampling frequency, fS, and output at this pin. 
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APPENDIX 

Since the CS7008 is a universal filter, it is impossible to specify the CS7008's performance for every 
possible transfer function. Therefore, a typical filter was selected for the Analog Characteristics - Filter 
table to show the performance of the CS7008. The selected filter specification is as follows: 

Chebyshev II band-pass filter 
-1 dB cutoff frequencies of 6.4 kHz and 13 kHz 
Sample frequency (fs) of 173 kHz 
Oscillator frequency (fosc) of 1.038 MHz 
Measurement Bandwidth of 10 Hz to 30 kHz 



Capa citor Values 



Biquad 1 


Biquad 2 


Biquad 3 


Biquad 4 


A = 336 


A = 312 


A = 492 


A = 235 


E = 927 


E = 673 


E = 248 


E = 252 


CE = 1392 


CE = 882 


CE = 725 


CE = 470 


J = 317 


J = 983 


J = 90 


J = 660 


1 = 317 


1 = 983 


1 = 90 


1 = 660 


G = 442 


G = 80 


G = 254 


G = 18 


conf= 


conf= 


conf= 


conf = 
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Digitally Configur able Universal Filter 

Features 



• Digitally Programmable to Obtain 
2nd or 4th Order Audio-Band Filters 

• Dynamically Configurable for Adaptive 
Filtering Applications 

• Microprocessor Compatible Digital 
Interface 

•Two User Configurable Op Amps for 
Antialiasing and Smoothing 

• Supported by CRYSTAL-ICE Filter 
Development System 

• Low Power CMOS 

• 28 Pin DIP 

• Pin Compatible with CS7008 



General Description 

The CS7004 is fabricated in CMOS using Crystal Semi- 
conductor's SMART ANALOG "^ design techniques. It is a 
digitally configurable switched capacitor filter capable of 
providing the system designer with virtually any precisely 
defined, audio-band, 2nd or 4th order filter response. 
An efficient microprocessor interface permits in-system 
reconfiguration of the filter response, and allows more 
cost-effective system design. Access to two operational 
amplifiers is also provided for use as antialiasing and 
smoothing filters if desired. System design is supported 
by the CRYSTAL-ICE Filter Development System. The 
development system consists of hardware and software for 
use with an IBM PC and provides in-clrcuit emulation 
oftheCS7004orCS7008. 



ORDERING INFORMATION 

CS7004-P - 28 Pin Plastic DIP 
CS7004-ID - 28 Pin CerDIP 



0°C-70°C 
-40°C-85"C 



A- o- 
A+ o 



10 



11 
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BGUTo^ 
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B+o^ 
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Product Preview 



This document contains data for a product under development. Crystal 
Semiconductor reserves the right to modify this product without notice. 
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CRYSTAL-ICE Filter Development System 



Hardware Requirements: 

• IBM PC or compatible with a minimum 
256k of memory. 

• IBM high-resolution monochrome 
monitor or compatible 

• Hercules monochrome graphics card 
or compatible 

• 8087 math coprocessor 



Software Requirements: 

• PC-DOS or MS-DOS 2.1 or higher 



General Description 

The IBM PC based CDS7000, "Crystal-ICE" Filter 
Development System, consists of hardware and soft- 
ware which support filter development using the CS7008 
Universal Filter. Crystal-ICE provides the designer with 
a quick and easy path from a initial understanding of a 
system's filtering requirements to a cost-effective hard- 
ware implementation of the needed filter . The menu- 
driven software supports filter synthesis from system 
specifications, direct entry of transfer functions, and filter 
modification at either the transfer function level or the cir- 
cuit level. The in-circuit emulator (ICE) permits 
immediate feedback on the designed filter's performance 
in a system. 

The CS7008 Universal Filtens fabricated in CMOS using 
Crystal's SMART ANALOG™ design techniques. It is a 
digitially configurable switched capacitor filter capable of 
providing virtually any audio-band, even-order filter 
response of eighth order or below. 
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SECTION 1. - INTRODUCTION 



The CRYSTAL-ICE Filter Development System 
from Crystal Semiconductor is a design tool 
which supports the CS7008 Universal Filter. The 
system features an In-Circuit Emulator or "ICE 
Probe", which will perform a specified filtering 
function in a circuit board designed to use the 
CS7008. The arduous mathematical effort 
required to design a filter is eliminated by using 
CRYSTAL-ICE. Filter transfer functions and the 
coefficients required to configure the CS7008 are 
generated by the filter development software 
provided with the system. Filter coefficients 
developed by the program are easily downloaded 
to the ICE Probe, which is plugged into the 
user's system, where performance is evaluated. 
CRYSTAL-ICE makes it possible to design, test, 
and refine filters with unprecedented ease. 

The CRYSTAL-ICE Filter Development System 
is shown in Figure 1-1. It consists of an ICE 
Probe, an interface system called the "ICE Box", 
interconnect cables, and the filter synthesis 
software which was developed by Crystal Semi- 
conductor in conjunction with the University of 
New Mexico. The ICE Probe contains a CS7008 
and plugs directly into a 28 pin socket in the 
user's system. The analog pins of the CS7008 in 
the probe interface with the circuit board, while 
the address bus, data bus and control lines inter- 
face with the ICE Box. The ICE Box controls the 
interface between an IBM PC and the ICE Probe. 



The ICE Box accepts RS-232-C formatted data 
output from the COM port of the PC, converts it 
to the appropriate parallel format, and loads the 
CS7008 contained in the ICE Probe. 

Filters are developed using CRYSTAL-ICE by 
responding to menus generated by the filter 
development software. The program will support 
design of low-pass, high-pass, bandpass, and 
band-stop filters. Each of these filter types can 
be implemented as Butterworth, Chebyshev I, 
Chebyshev n, or elliptic (Cauer) filter responses. 
The program generates even order filters up to 
eighth order, corresponding to the capabilities of 
theCS7008. 

To design a filter, the user simply inputs the 
desired filter's channel objectives as prompted 
by the program, thereby defining a "Filter 
Template". The program calculates the z-domain 
biquadratic transfer functions for the selected 
filter implementation. The response of the filter 
developed by the program can be evaluated 
graphically by directing the program to display 
plots of decibels vs. frequency, magnitude vs. 
frequency, phase vs. frequency and pole-zero 
locations. 

CRYSTAL-ICE can also display the z-domain 
biquadratic transfer functions. It is possible to 
modify these transfer functions, or enter new 
transfer functions, without using the filter 
synthesis portion of CRYSTAL-ICE. The trans- 
fer functions are used to calculate the normalized 




ICE PROBE 



IRCUIT 
BOARD 



Figure 1-1. - Crystal-ICE Filter Development System 
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capacitor values which configure the CS7008. It 
is also possible to input and/or modify these 
capacitor values. The program will generate the 
CS7008 coefficients as well as the transfer func- 
tion(s) that correspond to the capacitor values. 

Once a desired filter response is obtained, all 
variables associated with that filter can be saved 
onto disk for later retrieval. 

The CS7008 has two modes of operation. One 
mode allows a microprocessor to load the 
CS7008 coefficients, controlling its operation. In 
the second mode, the CS7008 reads coefficients 
directly from a user-defined memory upon 
power-up or reset. To support this mode, the 
CRYSTAL-ICE software can download coeffi- 
cients directly to an EPROM Programmer via 
one of the COM ports on the PC. 

The CRYSTAL-ICE software runs on an IBM 
PC or compatible, with a Hercules monochrome 
graphics card, an 8087 math coprocessor, 
an MS-DOS or PC-DOS operating system 
(version 2.1 or above), and a high-resolution 
monochrome monitor. 

The ICE Box requires a +5 volt supply. The ICE 
Probe requires +5 and -5 volt supplies and a 
clock source which must be provided by the 
user's circuit board. This circuit board must also 
provide the analog interface for the CS7008. To 
assist the user in developing such a circuit board, 
an unpopulated CS7008 printed circuit board 
(PCB) is included with the ICE system. Appen- 
dix C contains the information needed to build 
the PCB to the necessary specifications. All other 
hardware and software required to implement a 
filter are provided with the ICE system. 

11 In-Circuit Emulation and 
Interactive Design 

The ICE Probe, which contains a CS7008, plugs 
into a 28 pin socket on a circuit board designed 
to accept the CS7008. The circuit board should 



include the analog interface for the CS7008, 
which consists of an antialiasing filter, a smooth- 
ing filter, an oscillator crystal or clock source, 
the signal inputs and outputs and the power 
supplies required by the CS7008. Directing the 
CRYSTAL-ICE program to load the CS7008 
causes the coefficients generated by the program 
to be transferred to the CS7008 in the ICE Probe. 
Signals can then be applied to the circuit's 
inputs, and the performance of the filter in the 
circuit can be evaluated. Modifications to the 
filter response can be accomplished in minutes, 
and the results observed instantaneously. This 
iterative process can continue until the optimum 
filter response is achieved. 

The In-Circuit Emulator gives the designer the 
opportunity to evaluate all aspects of circuit 
performance before "freezing" a design. The 
ability to evaluate the circuit is not limited to 
electrical performance. For example, the circuit 
board can be subjected to a variety of environ- 
mental conditions. If necessary, the filter 
response can be modified to account for any 
system level variations that may occur. 

CRYSTAL-ICE can also be used to develop 
coefficients for adaptive filter applications, since 
many different filters can easily be designed for 
a given system. Any filter supported by 
CRYSTAL-ICE can be generated in a matter of 
minutes. 

Once the performance of a filter is satisfactory, 
the filter coefficients generated by CRYSTAL- 
ICE can be loaded into a (EP)ROM used to 
configure the CS7008 in its "self-program" 
mode, or stored in memory to be loaded into the 
CS7008 by a microprocessor. 

The versatility of the CS7008 makes this 
development system very powerful. Literally 
millions of filters can be implemented using the 
CS7008 and the CRYSTAL-ICE system. 
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SECTION 4. . FILTER DEVELOPMENT 



The CRYSTAL-ICE Filter Development 
software allows the user to design a filter by 
specifying a filter performance template. There 
are four kinds of filters supported by CRYSTAL- 
ICE: low-pass, high-pass, band-pass, and band- 
stop. CRYSTAL-ICE offers four possible im- 
plementations of these filters: Butterworth, 
Chebyshev I, Chebyshev n, and elliptic (Cauer). 
A synopsis of the features of these different filter 
implementations is given in the Filter Implemen- 
tations section of Appendix A. 

4.1 Using CRYSTAL-ICE to Design a Filter 

Using CRYSTAL-ICE, a filter is designed by 
moving through a series of menus which allow 
the user to first specify a filter and then examine 
plots of the filter's theoretical performance. The 
main menus are arranged in the sequence shown 
in Figure 4-1. From each menu, select the 
desired item by typing the corresponding number 
and striking the Return key. The Back Space key 
can be used to delete an entry before striking the 
Return key. The ESCape key can be used in any 
menu, except the Filter Type menu, to regress 
one menu in the sequence. When in the Filter 
Template Menu or Filter Response Plots, the Tab 
key is used to move through the menu. 



The Filter Type menu is the only menu from 
which the program can be terminated (to DOS). 
All other menus (except DOS Files and EPROM 
Programmer menus) allow you to return directly 
to the Filter Type menu to start a new filter 
design or terminate the program. 

4J.1 Printing Screens 

There are two types of screens in the filter 
development software: text and graphics. The 
Filter Template and Filter Response Plots are 
graphics screens while all other screens are text. 
The "Print Screen" command shown on the filter 
response plots will cause a screen dump to occur. 
The software configures the PC to print graphics 
screens. If a print of a text screen is desired, the 
shift PrtSc key must be pressed and immediately 
followed by tiie ESCape key. If a graphics print 
has already started, pressing the ESCape key will 
stop the print. 

42 Filter Type Menu 

The first menu displayed by the program is the 
Filter Type menu, shown in Figure 4-2. To select 
the desired filter type, enter the corresponding 
number and hit the Return key. Notice that this 
menu provides direct access to the CS7008 
Details menu. This allows those who have inde- 
pendently developed solutions for the biquad 



Start 




Exit 




FILTER TYPE 

I 



FILTER TEMPLATE 



FILTER IMPLEMENTATION 



CS7008 DETAILS 



FILTER RESPONSE 



DOS FILES 



EPROM PROGRAMMER 



Figure 4-1. - Menu Arrangement 
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FILTER TYPE 



1 - Low Pass 

2 - High Pass 

3 - Band Pass 

4 - Band Stop 

5 - CS7008 Details Menu 

6 - Exit Program 



Enter Selection: 

Figure 4-2. - Filter Type Menu 

equations or derived capacitor values to bypass 
the filter synthesis portion of the program. The 
use of the CS7008 Details menu for entering or 
changing filter parameters is described in greater 
detail in Section 6. When entering the CS7008 
Details menu from the Filter Type menu, no 
calculations occur. If pre-calculated capacitor 
coefficients are desired, the CS7008 Details 
menu should be entered from the Filter Response 
menu. 



43 Filter Template Menu 

Once a filter type is selected, a diagram repre- 
senting the filter type is displayed on the screen 
along with a list of parameters used to describe 
the filter's response. This is referred to as the 
Filter Template. The Filter Template for the low- 
pass filter, with all of the input options, is shown 
in Figure 4-3. The Tab key or Return key is used 
to enter new values or to move through the 
display if values already exist. 

The first parameter entered is the scaling factor. 
The scaling factor determines whether frequen- 
cies used by the program will be input and 
displayed in hertz (select "H") or kilohertz 
(select "K"). When initially entered, the program 
will default to kilohertz if the Return or Tab key 
is struck. Once the scaling factor is entered, the 
remaining parameters required to specify a filter 
are displayed. 



Scaling factors: H)ertz 

K)ilohertz 

Enter scaling factor (H, K) | 



Enter desire d sampling 
rate: ^M ?Hz 



Low Pass Filter Template 



TOLR 



F1 

Nyquist Frequency: (FN) is ???.?? ?Hz 





Enter TOLC :| 
Enter TOLR:! 




?Hz 
?Hz 



Calculate Filter Order Restart Program 

Figure 4-3. - Low Pass Filter Template 
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The next entry is the sampling rate. The sam- 
pling rate is determined by the oscillator or clock 
frequency input to the CS7008 and the clock 
divide code as given in Equation L 

fosc = fs X 6 X CLKDIV 
Equation 1. 

When a sampling rate is entered, the program 
responds by displaying the Nyquist frequency. 
The Nyquist frequency equals one half of the 
sampling frequency (fS), and is the highest 
frequency which can be filtered at the specified 
sampling rate. It is advisable to select a sampling 
frequency well in excess of the highest frequen- 
cy of interest in the signal to be filtered. See 
Appendix A for more detailed information. 

The filter's pass band and rejection band 
parameters are entered by specifying the cutoff 
and rejection amplitude tolerances, TOLC and 
TOLR, and their corresponding frequencies. 
TOLC and TOLR are entered in values normal- 
ized to one (i.e., these values must be less than 1, 
and greater than 0). If you prefer to think in 
decibels, the tolerances are easily converted from 
magnitude to decibels by using Equation 2. 



Once all of the parameters have been entered, it 
is possible to modify any entry by using the Tab 
key to move through the display. The Tab key is 
also used to select the menu commands at the 
bottom of the display. The highlighted command 
is entered by striking the Return key. When a 
satisfactory set of parameters describing the filter 
template have been entered, select the "Calculate 
Filter Order" command. The program will deter- 
mine the order required for each filter implemen- 
tation, and display the Filter Implementation 
menu. An example is shown in Figure 4-4. 

44 Filter Implementation Menu 



FILTER IMPLEMENTATION 



1 - Butterworth EXCEEDS EIGHTH ORDER 

2 - Chebyshev I Order : 8 

3 - Chebyshev II Order : 8 

4 - Elliptic Order : 6 

5 - Return to Filter Template 

6 - Restart Program 

Enter Selection: 



Figure 4-4. - Filter Implementation Menu 



TOLdB = 20 log ioTOLmag. 

Equation 2. 

The tolerances can be entered with resolutions to 
five digits to the right of the decimal point. 
Comer frequencies can be entered to accuracies 
of six significant digits. The maximum frequen- 
cy entered must be less than the Nyquist frequen- 
cy (fS/2). If an inappropriate value is entered, the 
program will not accept the entry and will 
prompt you to enter a new value. The backspace 
key can be used while entering parameters to 
delete characters to the cursor's left. 



If the filter order required for a particular 
implementation exceeds eight, the program will 
display "EXCEEDS EIGHTH ORDER" next to 
that filter implementation. If necessary, return to 
the Filter Template and change the parameters to 
reduce the filter order. 

Selecting one of the filter implementations 
directs the program to calculate a z-domain 
transfer function for each biquad required. The 
program uses the transfer function to generate 
the plots offered on the Filter Response menu, 
which is shown in Figure 4-5. 
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4S Filter Response Menu 



FILTER RESPONSE 



1 - Magnitude Plot 

2 - Decibel Plot 

3 - Phase Plot 

4 - Pole-Zero Plot 

5 - CS7008 Details Menu 

6 - Return to Filter Template 

7 - Return to Filter Implementation Menu 

8 - Restart Program 

Enter Selection: 

Figure 4-5. - Filter Response Menu 

From the Filter Response menu it is possible to 
return to the Filter Implementation menu to 
select a different implementation, or to go back 
to the Filter Template to change the filter's 
parameters. Each time the parameters are 
changed, the filter order and transfer functions 
are recalculated. 

When viewing a plot, the Tab key is used to 
highlight the different menu items at the bottom 
of the screen such as "Modify Frequency 
Window" or "Print Screen". When the Return 
key is pressed, the highlighted menu item is 
entered. The graphs are plotted from Hz to the 
Nyquist frequency (with the exception of the 
pole-zero plot). For filters with oversampling 
ratios which approach 20 (as recommended), the 
interesting portions of the plots occupy only a 
small portion of the whole plot. "Modify 
Frequency Window" allows expansion of any 
portion of the plot by reducing the range of 
frequencies plotted along the frequency axis. The 
beginning and ending frequencies for the plot, 
FLow and FHigh, can be specified, and those 
frequencies will be retained until a different filter 
template is specified. 

Once the filter developed by the synthesis 
portion of the program is satisfactory, the next 



step is to calculate the actual capacitor values 
needed to configure the CS7008 and evaluate the 
in-circuit filter performance. To calculate the 
filter coefficients for the CS7008, select 
"CS7008 Details Menu" from the Filter 
Response menu. The program calculates the 
capacitor values and other information needed to 
configure the CS7008 from the transfer functions 
previously generated. Errors can occur when 
calculating capacitor values from ideal transfer 
functions. Some errors occur because the 
capacitor values required are larger than the 
permissible range of the CS7008 or the Q of the 
transfer function is excessively large. Appendix 
B, Section 3, describes these errors in detail. The 
above calculations will not occur when entering 
the CS7008 Details Menu from the Filter Type 
Menu. 

4,6 CS7008 Details Menu 

The CS7008 Details menu, shown in Figure 4-6, 
provides the capability to display and change 
both the coefficients of the filter transfer 
functions and the normalized capacitor values. 
The digital words used to configure the CS7008 
can also be displayed. To load the digital words 
into the CS7008 on the ICE Probe, select "Load 
CS7008". This command directs the program to 
transfer its data to the ICE Box, which in turn 
loads the CS7008 in the ICE Probe. When 
downloading to the ICE Box, the ICE Probe 
must be powered or the following message will 
occur: 

No Probe voltage sensed. Cannot download. 
Press any key to continue 

If this occurs, power up the ICE Probe and 
reselect "Load CS7008" from the CS7008 
Details menu. Downloading should now work 
properly. 

Item 3 on the CS7008 Details menu. View 
CS7008 Coefficients, displays the digital words 
(and corresponding addresses) for the capacitor 
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values shown in the Biquad Values menu. Data 
in the CS7008 Coefficients menu is formatted 
for the CS7008 as specified in the data sheet 
(Appendix D). 

CS7008 DETAILS 

1 - View H(z) 

2 - View Biquad Values 

3 - View CS7008 Coefficients 

4 - Load CS7008 

5 - EPROIVI Programmer 

6 - DOS Files 

7 - Restart Program 

Enter Selection: 

Figure 4-6. - CS7008 Details Menu 

Select item 5 to download the filter data to an 
EPROM programmer. Item 6 allows the user to 
save or recall filter data from disk. Items 5 and 6 
are explained in detail in Section 4.7 and 4.8 
respectively. 

With the exception of entering the clock divide 
code to be loaded into the CS7008, items 1 and 2 
on the CS7008 Details menu are intended for 
individuals who are knowledgeable regarding 
switched capacitor biquad filters. The 
capabilities offered through items 1 and 2 are 
discussed in Section 6. 

4.6.1 Changing the Clock Divide Code 

The clock divide code is loaded into the memory 
of the CS7008, and determines the internal oscil- 
lator divide within the device. The clock divide 
code is initialized to a default value of one when 
the program is executed. It may be necessary to 
change the clock divide code depending on the 
particular application. For more information see 
the section on Oscillator, Sampling Frequency 
and Clock Divide in Appendix A. 

To change the clock divide code, select "View 
Biquad Values". The Biquad Values menu 
displays the normalized biquad capacitor values 
for the specified filter. Select item 6 to change 



the clock divide. The program prompts you to 
enter the desired clock divide code. The clock 
divide codes that will be accepted by the CS7008 
are 1, 2, 4, 8, 16, 32, 64, or 128. After the new 
clock divide code is entered, return to the 
CS7008 Details menu. Once changed, the clock 
divide code will remain at the selected value 
until a new value is entered by the user. Unless 
you intend to change the filter's transfer func- 
tions, be careful not to change any other 
parameter from this menu. 

4.62 Suboptimal Dynamic Range Scaling 

The transfer functions generated by the filter 
synthesis routines may require capacitors with 
normalized unit values exceeding 2047. In some 
cases it is possible to scale unit capacitor values 
and still achieve the desired filter. This capacitor 
scaling causes the gain through the affected 
biquad to increase. The maximum input signal to 
the filter must decrease to compensate for the 
gain. This process reduces the CS7008's 
dynamic range, which is why it is referred to as 
suboptimal dynamic range scaling. 

Not all capacitors can be scaled. When possible, 
the filter development program will automatical- 
ly scale capacitors, up to the point where the 
input is reduced to 5% of the maximum input 
voltage swing for the CS7008. When dynamic 
range scaling of capacitors in a biquad occurs, a 
warning is issued as shown in Figure 4-7. This 
warning directs the user to limit the dynamic 
range of the input signal by a specified amount. 



**** Input Voltage Range reduced to 85% of maximum value. 
Press any key to continue 



Figure 4-7. - Input Voltage Reduction Warning 
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If more than one biquad requires dynamic range 
scaling, additional warnings will be issued. The 
input signal's voltage range should be limited to 
the smallest of the percentages displayed. The 
smallest percentage will be displayed at the top 
of the Biquad Values menu. 

4 J EPROM Programmer Menu 

The CS7008 has two modes of operation. One 
mode will allow a microprocessor to load 
CS7008 coefficients, and thereby control its 
operation. In the other, a self-programming 
mode, the CS7008 will read coefficients from 
memory upon power-up or reset. To facilitate the 
use of this mode, the CRYSTAL-ICE Filter 
Development software supports downloading to 
an EPROM programmer via one of the COM 
ports on the PC. The EPROM programmer must 
support RS-232-C communications and either 
Intel Hex or Motorola S-Record data formats. 



The user must supply the cable to interface the 
PC and EPROM programmer. Section 3.3 lists 
the specifications for this interface cable. 

The EPROM Programmer menu is accessed 
from the CS7008 Details menu and is shown in 
Figure 4-8. The default port parameters are listed 
on the top two lines of the screen. The filter 
coefficients are loaded into 64 successive loca- 
tions with the start address being the first of the 
64 locations. The lines between the start address 
and the menu contain the actual records to be 
downloaded. 

4J.1 Loading the EPROM Programmer 

If item one. Load Programmer, is selected, the 
software will attempt to send the data through 
the COM port (listed at the top of the screen) to 
the programmer. If the attempt is unsuccessful, 
one of the following messages will appear: 

COMx not responding (DSR inactive) 
Press any key to continue 



Format: Intel Hex 
BAUD: 1200 Data Bits: 7 



Port: COM2 
Parity: Even Stop Bits: 2 



Start Address: 



(0x0) 



10000000000000000000000000000000000000000FO 
10001000061 1061 1 180301000B010B01 18030100062 
10002000140A040A1C0401001 1051 1051004000037 
1 00030001 F051 50E021 500000B070B070D06281 4EF 
;0000001FF 

EPROIVI PROGRAIVIIVIER 



1 - Load Programmer 

2 - Change Start Address 

3 - Change Port Parameters 

4 ~ Return to CS7008 Details Menu 



Enter Selection: 



or: 



COMx not responding (Time Out) 
Press any key to continue 

where x in COMx designates the port used. If 
either of these messages appear, verify that the 
EPROM programmer is powered, connected to 
that particular COM port, and waiting for data to 
be downloaded. See Appendix B, Section 4 for 
more information on these two errors. 

If the EPROM programmer signals an error 
while downloading, verify that the port 
parameters displayed at the top of the screen are 
the same as the EPROM programmer's 
parameters. 



Figure 4-8. - EPROM Programmer Menu 
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4J2 Changing the Start Address 

Item two from the menu. Change Start Address, 
allows the filter coefficients to be loaded into 
any set of adjacent addresses in the EPROM. 
Once "Change Start Address" is selected, a new 
address must be entered in decimal notation. The 
Tab key may be used to increment one filter 
length (64 bytes). Pressing the Return key enters 
the address and updates the records to reflect the 
new address. 

4.73 Changing Port Parameters 

Using menu item three, Change Port Parameters, 
almost any aspect of the port can be modified to 
suit the EPROM programmer used. Any 
modified parameter will remain in effect until 
the program is exited. When "Change Port 
Parameters" is selected, the bottom line of the 
screen will change as shown in Figure 4-9, and 
an enlarged cursor will blink to the right of the 
first parameter. The Tab key will change the 
value to the left of the cursor. 



Use the Tab key to "roll" through the available 
values until the appropriate one is displayed. 
Pressing the Return key (CR) will save the value 
and move the cursor on to the next parameter. 
The ESCape key will immediately cause an exit 
back to the initial EPROM Programmer menu. 
The parameter selected when the ESCape key is 
pressed will not, retain a changed value (the 
Return key must be used first). 

If the modified COM port parameter is the same 
as that of the ICE Box, then the cable for the 
EPROM programmer must replace the ICE Box 
cable on the PC. Before leaving the EPROM 
Programmer menu, the ICE Box must be recon- 
nected to the COM port. In this instance, the fol- 
lowing message will appear , as a reminder: 

ICE Box must be reconnected to COMx 
Press any key to exit 

where x in COMx indicates the port number. 
Below is a list of the port parameters with all 
their possible values: 



Format: Intel Hex 
Motorola S -Record 



Format: Intel Hex | 

BAUD: 1200 Data Bits: 7 



Port: COM2 
Parity: Even 



Stop Bits: 2 



Start Address: 



(0x0) 



10000000000000000000000000000000000000000FO 
1 0001 000061 1061 11 80301 000 B010B01 180301 00062 
1 00020001 40A040A1 C0401 001 1 051 1 051 C04000037 
100030001 F051 50E021500000B070B070D06281 4EF 
lOOOOOOl FF 

_EPROM PROGRAMMER _ 

1 - Load Programmer 

2 - Change Start Address 

3 - Change Port Parameters 

4 - Return to CS7008 Details Menu 



<CR> - Save Value 



<Tab> - Change Value 



<ESC> - Exit 



Figure 4-9. - Changing Port Parameters 



Port: 

COMl 

COM2 

COM3* 

COM4* 

*IBM BIOS only supports two COM ports. If 
COM3 or COM4 exist, they must be BIOS com- 
patible. 

Baud: 

150 

300 

600 

1200 

4800 

9600 
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Data Bits: 

7 

8 

Parity: 
None 
Even 
Odd 

Stop Bits: 

1 
2 

4.8 DOS Files Menu 



4.8,1 Reading Files 

When reading a file from disk, the program will 
prompt the user for a filename. Filenames must 
adhere to DOS standards. DOS device names 
may not be used for filenames. Consult the DOS 
manual for filename specifications. Errors can 
occur because of the following: 

invalid disk specifier 
invalid path specifier 
invalid filename 
file not found 
invalid format in file 



Once a desired filter is obtained, all the variables 
associated with that filter can be saved onto disk 
for later retrieval. The DOS Files menu is shown 
in Figure 4-10 and is accessed from the CS7008 
Details menu. The top line on this screen 
displays the present working directory. The next 
line displays the most recent file read from or 
saved to disk. The file name will disappear if a 
new filter is calculated using the synthesis 
portion of the program. If no extension is given 
when reading from or saving to disk, a ".UF" is 
assumed. 



All errors are discussed in detail in Appendix B, 
Subsections 5 and 6. 

4.82 Saving Files 

When saving a file to disk, the program will 
prompt the user for a filename. In choosing the 
filename, the user must follow the same conven- 
tions as when reading files from disk. Errors can 
occur because of the following: 

invalid disk specifier 
invalid path specifier 
invalid filename 



Directory - C:\FILTER 
File Name - 



DOS FILES 



1 - Read File 

2 - Save File 

3 - Change Directory 

4 - Return to CS7008 Details Menu 



Enter Selection: 

Figure 4-10. - DOS Files Menu 



Errors are discussed in detail in Appendix B, 
Subsections 5 and 6. If the file specified already 
exists, the program will ask for verification 
before replacing it. 

4.83 Changing Directories 

Changing the present working directory will 
allow a more orderly file structure since different 
filter projects may be kept in different direc- 
tories. When changing directories, the new direc- 
tory must akeady exist. New directories should 
be created using DOS prior to executing the 
CRYSTAL-ICE software. Changing directories 
will also allow changing disk drives. If no direc- 
tory is given when changing drives, the current 
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directory for that particular drive is used. DOS 
remembers the current directory for each drive. 
The following errors can occur when changing 
directories: 

invalid disk drive specifier 
invalid path specifier 

All errors are explained in detail in Appendix B, 
Subsections 5 and 6. 

4,9 Menu Paths 

Figures 4-11 thru 4-15 depict the possible paths 
from each of the main menus in the fil- 
ter development program. These figures are 
intended to serve as a handy reference for 
understanding the menu structure used in the 
CRYSTAL-ICE filter development software. 
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LOW PASS FILTER TEMPLATE 
Scaling Factors: H)ertz 

K)ilohertz ^ ^q 
Enter scaling factor (H, K) jqlC 

Enter desired sampling 
rate in ?Hz: 

TOLR 

F1 F2 

Nyquist frequency (FN) is ???.?? ?Hz 

Enter TOLC: Enter F1 Hz 

Enter TQLR: Enter F2 Hz 

Calculate Filter Order Restart Program 




BAND PASS FILTER TEMPLATE 



Scaling Factors: H)ertz 

K)ilohertz 
Enter scaling factor (H, K) 



Enter desired sampling 
rate in ?Hz: 




TOLR 



F1 F2 



F3 F4 



Nyquist frequency (FN) is ???.?? ?Hz 
Enter TOLC: Enter F2 Hz Enter F3 Hz 

Enter TOLR: Enter F1 Hz Enter F4 Hz 

Calculate Filter Order Restart Program 



FILTER TYPE 



1 - Low Pass 

2 - High Pass 

3 - Band Pass 

4 - Band Stop 



5 - CS7008 Details Menu — — V 

6 - Exit Program 

Enter Selection: 



(no calculations occur) 



^ 



Terminates Program 
Execution 



CS7008 DETAILS 

1 - View H(z) 

2 - View Biquad Values 

3 - View CS7008 Coefficients 

4 - Load CS7008 

5 - EPROM Programmer 

6 - DOS Files 

7 - Restart Program 



HIGH 
Scaling Factors: H)ertz 

K)ilohertz ^ qo 
Enter scaling factor (H, K) jqi q 


PASS FILTER TEMPLATE 


BAND 

Scaling Factors: H)ertz 

K)ilohertz ^ qq 

Enter scaling factor (H, K) _^, _ 
lOLO 


STOP FILTER TEMPLATE 


Enter desired sampling 
rate in ?Hz: 






Enter desired sampling 
rate in ?Hz: 


\ / 


TOLR 






TOLR 


\^ J 


( 


) F1 


F2 


( 


5 F1 F2 F3 F4 


Nyquist frequency (FN) is ???.?? ?Hz 




Nyquist frequency (FN) is ???.?? ?Hz 


Enter TOLC: Enter F2 Hz 




Enter TOLC: Enter F1 Hz Enter F4 Hz 


Enter TOLR: Enter F1 Hz 




Enter TOLR: Enter F2 Hz Enter F3 Hz 


Calculate Filter Order Restart Program 




Calculate Filter Order Restart Program 



Figure 4-11. - Filter Type Menu Paths 



DS3UM1 



9-37 



CDS7000 



Scaling factors: H)erlz 

K)ilohertz 

Enter scaling factor (H, K) 



Enter desired sampling 
rate: |||||| ?Hz 



Low Pass Filter Template 



TOLR 



F1 

Nyquist Frequency: (FN) is ???. ?? ?Hz 




Enter TOLC : 








Enter TOLR: 





Enter F1 








Enter F2 





?Hz 



?Hz 



Calculate Filter Order 



flLIiRJMfLiMENIAILON. 

1 - Buttenworth Order: ?? 

2 - Chebyshev I Order: ?? 

3 - Ghebyshev II Order:?? 

4 - Elliptic Order: ?? 

5 - Return to Filter Template 

6 - Restart Program 



Restart Program 



FILTER TYPE 



Use Tab key (or Return key) to 
to move through display when 
parameters already exist. 

"Calculate Filter Order " and 
"Restart Program" are displayed 
in inverse video when selected. 
The Return key enters the selection. 

The Tab key will continue the 
edit function. 



1 - Low Pass 

2 - High Pass 

3 - Band Pass 

4 - Band Stop 

5 - CS7008 Details Menu 

6 - Exit Program 



The Escape key will 
return to the previous 
menu. 



Figure 4-12. - Filter Template Paths 



9-38 



DS3UM1 



CDS7000 



FILTER IMPLEMENTATION 



1 - Butterworth 

2 - Chebyshev I 

3 - Chebyshev II Order 

4 - Elliptic Order 

5 - Return to Filter Template 

6 - Restart Program 



EXCEEDS EIGHTH ORDER ' 
Order : ?? 

9? 



99 



FILTER RESPONSE 



1 - Magnitude Plot 

2 - Decibel Plot 

3 - Phase Plot 

4 - Pole-Zero Plot 

5 - CS7008 Details Menu 

6 - Return to Filter Template 

7 - Return to Filter Implementation Menu 

8 - Restart Program 



FILTER TYPE 



1 - Low Pass 

2 - High Pass 

3 - Band Pass 

4 - Band Stop 

5 - CS7008 Details Menu 

6 - Exit Program 



LOW PASS FILTER TEMPLATE 


Scaling Factors: H)ertz 

K)ilohertz 1.00 




Enter scaling factor (H, K) TOLC 


\ 


Enter desired sampling 

rate: ?Hz TOLR 


V^__ 





F1 F2 


Nyquist frequency (FN) Is ???.?? ?Hz 


Enter TOLC: Enter F1 Hz 


Enter TOLR: Enter F2 Hz 


Calculate Filter Order Restart Program 



Figure 4-13. - Filter Implementation Menu Paths 
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FILTER RESPONSE 



1 - Magnitude Plot 

2 - Decibel Plot — 

3 - Phase Plot 



4 - Pole-Zero Plot — 

- 5 - CS7008 Details Menu 

— 6 - Return to Filter Template 

7 - Return to Filter Implementation Menu 
r- 8 - Restart Program 

Enter Selection: 



„FLLTJRJMPLEMENTAILQN 

1 - Butterworth Order: ?? 

2 - Chebyshev I Order: ?? 

3 - Chebyshev II Order: ?? 

4 - Elliptic Order: ?? 

5 - Return to Filter Template 

6 - Restart Program 



FILTER TYPE 



1 - Low Pass 

2 - High Pass 

3 - Band Pass 

4 - Band Stop 

5 - CS7008 Details Menu 

6 - Exit Program 



Scaling Factors: H)ertz LOW PASS FILTER TEMPLATE 

K)ilohertz ^ ^^ 
1.00 
Enter scaling factor (H, K) jqlc 



TOLR 




\ 



ilS7008_DETAILS 

1 - View H(z) 

2 - View Biquad Values 

3 - View CS7008 Coefficients 

4 - Load CS7008 

5 - EPROM Programmer 

6 - DOS Files 

7 - Restart Program 



FRM - Filter Response 
Menu 

MFW - Modify Frequency 
Window 

PS- Print Screen 



PARAMETERS 



1.00 
0.08 
0.06 
0.04 
0.02 



FRM 



-20 
-40 
-60 
-80 



FRM 



Magnitude 

VS. 

Frequency 



? ? 

MFW 



PARAMETERS 



Decibel 

VS. 

Frequency 



? ? 

MFW 



PARAMETERS 



180 
90 

-90 

-180 
FRM 



Phase VS. 
Frequency 



MFW 



PARAMETERS 



ZEROS 



FRM 



7 
PS 



PS 



PS 



POLES 




Figure 4-14. - Filter Response Menu Paths 
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H1(z)= 
H2(z)= 
H3(z)= 
H4(z)= 
Order = 



Notch 
Notch 
Notch 
Notch 



FS: 



H(z) 



1,2,3,4- Edit H?(z) 
5 - Change Order 



6 - Change Fs 

7 - Return 




CS7008 DETAILS 

1 - View H(z) 

2 - View Biquad Values 

3 - View CS7008 Coefficients 

4 - Load CS7008 

5 - EPROM Programmer — 
6 -DOS Files 

- 7 - Restart Program 



FILTER TYPE 



1 - Low Pass 

2 - High Pass 

3 - Band Pass 

4 - Band Stop 

5 - CS7008 Details Menu 

6 - Exit Program 



Directory - 
File Name - 



DOS FILES 



1 - Read File 

2 - Save File 

3 - Change Directory 

4 - Return 



Biquad 1 
A = 
E = 
CE = 
J - 


Biquad 2 
A = 
E - 
CE = 
J = 


Biquad 3 

E = 
CE = 
J = 


Biquad 4 
A = 
E = 
CE = 
J = 


1 = 
G = 
conf = 


1 

G = 

conf = 


1 = 
G = 
conf = 


1 

G = 

conf = 


Order = 




Clock Divide = 




BIQUAD VALUES 




1,2,3,4 -Edit Biquad #? 

5 - Change Order 

6 - Change Clock Divide 

7 - Return to CS7008 Details Menu 



Decimal Values: 
(16) = 



(0): 

(1) = 

(2) = 

(3): 
(4): 

(5): 

(6): 



(17) = 

(18) = 

(19) = 

(20) = 

(21) = 

(22) = 



(32) = 


(48) 


(33) = 


(49) 


(34) = 


(50) 


(35) = 


(51) 


(36) = 


(52) 


(37) = 


(53) 


(38) = 


(54) 



CS7008 COEFFICIENTS 

1 - Change Values to Hexadecimal 

2 - Return to CS7008 Details Menu 



Format: 
BAUD: 



Data Bits: 



Start Address: 



Port: 
Parity: 

(0x0) 



Stop Bits: 



1000000000000000000FO 
100010803B06A220D37 
1 00000000000004365900 
100101764568293900062 
0000001 FF 

EPROM PROGRAMMER 

T-Load Programm'er 

2 - Change Start Address 

3 - Change Port Parameters 

4 - Return to CS7008 Details Menu 



Figure 4-15. - CS7008 Details Menu 
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EVALUATION BOARDS 



INTRODUCTION 

High-quality evaluation boards are available to allow rapid evaluation of Crystal products, often freeing 
the customer from the task of initial breadboarding. The layout and grounding schemes may be used as 
quidelines for the customer's own system design. Isolation of system problems can be aided by 
comparison with the evaluation board operation. 

USER'S GUIDE 



Device: 


Crystal Part Included 


Basic Function 


CDB31412 


CS31412-KD 


Quad Sample/Hold 


CDB5012 


CS5012-KP12 


12-Bit, 12 MS, A-to-D 


CDB5014 


CS5014-KP14 


14-Bit, 14 us, A-to-D 


CDB5016 


CS5016-JC16 


16-Bit, 16 MS, A-to-D 


CDB5112 


CSZ5112-KP12 


73 dB, 63 kHz, A-to-D 


CDB5114 


CSZ5114-KP14 


83 dB, 55 kHz, A-to-D 


CDB5116 


CSZ5116-JC16 


92 dB, 50 kHz, A-to-D 


CDB5316 


CSZ5316-P 


84 dB Voice-Band, A-to-D 


CDB5412 


CSZ5412 


12-Bit, 1 MHz, A-to-D 


CDB61534 


CS61534-IP1 


Tl/CEPT Line Interface 


CDB61544 


CS61544-IP 


Tl Line Interface 


CDB7008 


CS7008-C 


Switched Cap Filter 



CONTENTS 



CDB31412 Quad Track & Hold 

CDB501X/511X Successive Approximation A/D Converters 

CDB5316 Delta Sigma A/D Converter 

CDB5412 Two-Step Flash A/D Converter 

CDB61534 PCM Line Interface 

CDB61544 PCM Line Interface 

CDB7008 Universal Filter 
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CS31412 Evaluation Board 



Features 

• Industry Standard Header Connector 

• BNC Connectors for Analog l/O's 

• D IP-Switch Selectable: 

Differential & Single-Ended Modes 
Analog Mux Configuration 

• Push Button Reset and Calibration 

• User Configurable Ground Planes 



General Description 

The CDB31412 Evaluation Board is designed to allow the 
user to quickly evaluate the function and performance 
of the CS31412 Simultaneous Track-and-Hold. 

All analog inputs and outputs can be interfaced to the 
board with coaxial BNC connectors. Optional termination 
resistors can also be added. 

A 10 pin IDC header is provided for microprocessor 
control. 

ORDERING INFORMATION 

CDB31412 



INO ( O- 



IN2 



INl(m 



e 



# 



OPTIONAL 
TERMINATION 

R7 son 



OPTIONAL 
TERMINATION 

R6 son 



OPTIONAL 
TERMINATION 
R5 50 n 



OPTIONAL 
TERMINATION 

R4 son 



0UT1 ( O-)— ' OUT2( O- 



(2> 



~R8~ 

son 



HOLD 

GROUND 

PLANE 

—CD 



CAL 

g 



>SIP2 



OPTIONAL 
TERMINATION 



SIP1 

<.-AAAA-<=i ^^^ 



HOLD CAL 
INO CALD 



INI 
IN2 



U1 



DGND 



0UT1 CS 

0UT2 RESET[1 

V-t- AGND V- 



C4 



V 



oaufTl_^12^2^J2^ 



15 




D-SE 

HZ 



-wvs 

AAAA 




AO / AAA aSIP2 



^. 



-AAAA^ 



DGND 



C1 vj> O^ 



CS 



ll. 



— AAAA 



SIP2 



— ^AA/^ 



RESET 

-•—I 



C3 

0.1 uF 



SIP1:68kn 
SIP2: 6.8ltfl 



etG 
Y R9mn 

"AAAA- 

CS 

0.1 uF 



lokn 



n 



v+ 



DGND 



: INDICATES PIN X OF IDC HEADER 
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CDB31412 



Analog Input and Output Connections 

The four analog inputs to the CSS 1412 are con- 
nected to the CDB31412 via the BNC coaxial 
connectors labeled INO, INI, IN2, IN3. These 
inputs have locations reserved for terminatibn 
resistors if they are needed. The analog outputs 
from the CS31412 are available at the BNC 
coaxial connectors labeled OUTl, and OUT2. 

DIP'Switch Configuration 

The input mode is controlled by the D-SE switch 
of DIP-switch SW4. If it is off, the part is in 
single-ended mode (4-to-l mux). If it is on, the 
part is in the differential mode (dual 2-to-l mux). 
After changing the differential mode switch 
position, the CS pushbutton must be depressed to 
internally latch the part. The CS31412 must be 
calibrated after switching between single-ended 
and differential modes. 

The Al and AO switches of DIP-switch SW4 
control the CS31412's output control mux. The 
chart below summarizes the DIP-switch 
configurations. 



Reset and Calibration 

The CS31412 will usually reset itself upon 
power-up. Since this function is not guaranteed, 
the chip must be reset upon power-up in system 
operation. The part can be reset on the 
CDB31412 board by momentarily depressing 
pushbutton SW3. After resetting the part, the 
LED will be on indicating that the part needs to 
be calibrated. To initiate a calibration, depress 
pushbutton SWl. After approximately 3.5 mil- 
liseconds, the LED will turn off indicating that 
the part has been calibrated. The CS31412 is 
now ready for operation. 

Microprocessor Interface 

The CAL, C5, AO, Al, and D-SE inputs and the 
CALD output are available at the 10 pin IDC 
header. The five inputs are pulled low through 68 
k^ resistors placing the CS31412 in a 
microprocessor independent mode. These inputs 
may be pulled high by the DIP-switches and 
pushbutton or by driving the 10-pin IDC header. 
When using the header to externally drive these 
inputs, the three DIP-switches controlling AO, 
Al, and D-SE must be in the off position so that 
no loading will occur. All remaining pins of the 
IDC header are tied to DGND and cannot be 
driven. 



D-SE 


A1 


AO 


0UT1 


0UT2 


Off 


off 


off 


INO 


O.OV 


off 


off 


on 


IN1 


O.OV 


off 


on 


off 


IN2 


O.OV 


off 


on 


on 


INS 


O.OV 


on 


off 


off 


INO 


IN1 


on 


on 


off 


IN2 


IN3 



Figure 1. Dip-Switch Configuration 
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Decoupling 



Ground Planes 



The CDB31412's decoupling scheme was 
designed to insure accurate evaluation of the 
CS31412's performance independent of the 
quality of the power supplies. Each supply is 
decoupled at the part with a 10 mJP electrolytic 
capacitor to filter low-frequency noise and a 
0.1 |iF ceramic capacitor to handle higher fre- 
quencies. Depending on the quality of the 
system's power supplies, the decoupling scheme 
could be relaxed in actual use. 



The CDB31412 has three separate ground planes 
which may be interconnected by the user to 
simulate actual system conditions. When shipped 
from the factory, the analog ground plane, the 
digital ground plane, and the hold ground plane 
are separate. Jumpers Jl, J2, J3, and J4 are used 
to interconnect these ground planes. Separate 
ground planes are the suggested configuration 
for best performance of the part. For more infor- 
mation on grounding, Application Note: "Sug- 
gested Grounding and Supply Arrangements for 
the CS31412" is recommended. 



COMPONE^JTLIST 


150 £2 resistor 


Rl 


4.7 kii resistor 


R2 


10 k£2 resistor 


R3 


1 kil resistor 


R9 


68.0 kQ sip resistor 


SIPl 


6.8 kQ sip resistor 


SIP2 


0.1 nF capacitor 


C3, C4. C5 


10 nF capacitor 


C1,C2 


CSS 1412 Track/Hold 


Ul 


2N3906 transistor 


Qi 


LED 


Dl 


3 pos. SPST DIP switch 


SW4 


SPST pushbutton 


SWl, SW2, SW3 


10 pin header 


P12 


PC-mount BNC 


P5,P6,P7,P8,P9,P10,P11 


red banana jack 


PI 


black banana jack 


P3.P4 


green banana jack 


P2 


1" 4-40 spacer 


POSTl, POST2, POST3, POST4 


3/8" 4-40 screw 


SCI, SC2, SC3, SC4 
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CDB501X 



Evaluation Board for CS501X& CSZ511X ADC's 



Features 

• PC/uP-Compatible Header Connection 

16-Bit Parallel Data 
End-of-Conversion Output 
CS, RD, and AO Control Inputs 

• DIP-Switch Selectable: 

Unipolar/Bipolar Input Range 
Burst & Interleave Calibration Modes 
Continuous Conversion 

• Adjustable Voltage Reference 

• Serial Data and Clock BNC Connections 

• Operation from Internally-Generated 
or Externally-Supplied Master Clock 



General Description 

The CDB501X is an evaluation board that eases the 
laboratory characterization of any of the CS501X or 
CSZ51 1 X A/D converters. The board can be easily 
reconfigured to simulate any combination of sampling, 
master clock, calibration, and input range conditions. 

The converter's parallel output data and several control 
inputs and outputs are available at a 40 pin strip header 
allowing easy interfacing to PC's or microprocessor 
busses. Output data is also available in serial form at 
SCLK and SDATA coaxial BNC connectors. 

Evaluation can also be performed over a wide range 
of input spans using the on-board reference circuitry. 
Furthermore, the CDB501X features DIP-switch 
selectable unipolar/bipolar input ranges and two 
calibration modes: burst and interleave cal. Calibration 
can be initiated at any time on the CDB501X by 
momentarily depressing a reset pushbutton. 



^ 



^ 



©- 



AIN 



HOLD 



CLKIN 



RESET 



CS501X 
CSZ511X 

A/D 
Converter 



VOLTAGE 
REFERENCE 



DO- D15 



EOC 



AO 



RD 



CS 



SCLK 



SDATA 





+5V GND -5V 

CS501X=CS5012, CS5014, or CS5016 
CSZ51 1 X=CSZ51 1 2, CSZ51 1 4, or CSZ51 1 6 
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Analog Input 

The analog input to the A/D converter is sup- 
plied through the BNC coaxial connector labeled 
AIN. Analog input polarity is controlled by the 
first position switch on the DIP-switch, SW-l. If 
it is on, the input is unipolar ranging from GND 
to VREF. If the switch is off, the input range is 
bipolar with the magnitude of the reference volt- 
age defining both zero- and full-scale (±VREF). 



The A/D converter's internal analog input buffer 
requires a source impedance of less than 400 Q 
at IMHz for stability. Acquisition and through- 
put are specified assuming a dc source im- 
pedance of less than 200 Q, Infinitely large dc 
source impedances can be accomodated by ad- 
ding capacitance (typically 200pF) from the 
analog input to ground. However, high dc source 
resistances degrade acquisition time and conse- 
quently throughput. 



■CD +5V 
<n -5V 



VD+ 




Figure 1. CDB501X Schematic 
(Reference Circuitry Appears in Figure 3) 
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OFF 



ON 



Position 1 


Bipolar 


Unipolar 


Position 2 


Burst Cal 


Normal Operation 


Position 3 


Normal 


Interleaved Cal 


Position 4 


Normal 


Continuous Conversion 



Figure 2. DIP-Switch Deflnitions 



Initiating Conversions 



A negative transition on the converter's HOLD 
pin places the device's analog input into the hold 
mode and initiates a conversion cycle. On the 
CDB501X, this input can be generated by one of 
two means. First, it can be supplied through the 
BNC c oaxial connector appropriately labeled 
HOLD. Alternatively, switch position 4 of the 
DIP-switch can be placed in the on position, thus 
looping the converter's EOT output back to 
HOLD. This results in continuous conversions at 
a fraction of the master clock frequency (see 
"synchronous operation" in the converter's data 
sheet). 



The A/D converter's EOT output is an indicator 
of its acquisition status; it falls when the analog 
input has been acquired to the specified ac- 
curac y. If an external sampling clock is applied 
to the HOLD BNC connector, care must similar- 
ly be taken to obey the converter's acquisition 
and maximum sampling rate requirements. A 
more detailed discussion of acquisition and 
throughput can be found in the converter's data 
sheet. 



The CDB5 01X is shipped from the factory 
without the HOLD BNC input terminated for 
operation with an external sampling clock. 
However, location R23 is reserved for the inser- 
tion of a 51 Q. resistor to eliminate reflections of 
the incoming clock signal. 

Voltage Reference Circuitry 

The CDB501X features an adjustable voltage 
reference which allows characterization over a 
wide range of reference voltages. The circuitry 
consists of a 2.5V voltage reference (1403) and 
an adjustable gain block with a. discrete output 
stage (Figure 3). The output stage minimizes the 
output's headroom requirements allowing the 
reference voltage to come within 300mV of the 
positive supply. 

The coarse and fine trim potentiometers are fac- 
tory calibrated to a reference voltage of 4.5V (a 
table of output code values for a reference volt- 
age of 4.5V appears in the CS501X data sheets, 
but not in the CSZ511X data sheets). When 
calibrating the reference, the voltage should be 
measured direcdy at the VREF input (pin 28) or 
at the ungrounded lead of decoupling capacitor 
C9. 



R18 




1403 



Figure 3. Voltage Reference Circuitry 
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Resetl Self -Calibration Modes 

The A/D converter will usually reset itself upon 
power-up. Since this function is not guaranteed, 
the converter must be reset upon power-up in 
system operation. The converter can be reset on 
the CDB501X board by momentarily depressing 
pushbutton SW-2 thus initiating a full calibration 
cycle; 1,443,840 master clock cycles later the 
converter is ready for normal operation. 

The converters also feature two other modes of 
calibration: burst and interleave. Burst calibra- 
tion can be initiated by moving switch position 2 
on the DIP-switch to the off position. In this 
mode (CAL high), the A/D converter continually 
loops through calibration cycles until CAL 
returns low. Interleave can be initiated by setting 
switch positio n 3 to the on position. In the inter- 
leave mode (ENTBILV low), the converter ap- 
pends one small portion of a calibration cycle 
(20 master clock cycles) to each conversion 
cycle. Thus, a full calibration cycle completes 
every 72,192 conversion cycles. 

A more detailed discussion of the converters' 
calibration modes and capabilities can be found 
in their data sheets. 

Parallel Output Data/Microprocessor Interface 

The converter's outp uts D0 -D15, its CS, RD, 
and AO inputs, and its ECX! ou^ut are available 
at the 40 pin header. The CS and RD inputs are 
pulled low through 10 kQ resistors placing 
the converter in a microprocessor-independent 
mode. Control input AO is pulled up, insuring the 
converter's output word, rather than the status 
register, appears at the header. 

The converter's 3-state output buffers and 
microprocessor interface can be exercised by 
driving the CS and/or RD inputs at the header. 
Similarly, the converter's 8-bit status register can 
be obtained on D0-D7 by driving AO low. 



DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

D9 

D10 

D11 

D12 

D13 

D14 

D15 

EOC 

AO 

RD 

CS 



Figure 4. Header Pin Definitions 



DGND 
DGND 





The converter's EOC and data outputs are not 
buffered on the CDB501X. Therefore, careful at- 
tention should be paid to the load presented by 
any cabling, especially if the 3-state output buf- 
fers are to be exercised at speed. Twisted ribbon 
cable is typically specified at lOpF/ft, so several 
feet can generally be accomodated. 

Serial Output Data 

Serial output data is available at the two BNC 
connections SCLK and SDATA. Data appears 
MSB first, LSB last, and is valid on the rising 
edge of SCLK. 

Master Clock 

The A/D converter operates from a master clock 
which can either be internally-generated or exter- 
nally-supplied. For operation with an external 
clock, the BNC connector labeled CLKIN 
should be driven with a TTL clock signal. The 
CDB501X is shipped from the factory with the 
CLKIN input terminated by a 51 Q resistor to 
eliminate line reflections of the incoming clock. 
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If the CLKIN BNC input is left floating, this 
resistor pulls the converter's clock input down to 
ground, thus activating its internal oscillator. 

Decoupling 

The CDB501X's decoupling scheme was 
designed to insure accurate evaluation of the 
converter's performance independent of the 
quality of the power supplies. Each supply is 
decoupled at the converter with a lOjiF 

COMPONENT LIST 

10 Q resistor 

51 Q resistor 

4.7 Q resistor 

1 kQ resistor 

560 Q resistor 

10 kQ resistor 

2.43 kQ resistor 

3.3 kQ resistor 

240 kQ resistor 

50 kQ potentiometer 

50 kQ potentiometer 

0.068 nF capacitor 

0.1 jiF capacitor 

10 |xF capacitor 

CS501X/51 IX A/D converter 

1403 2.5V reference 

OP07 op amp 

2N2907A transistor 

4 pos. SPST DIP switch 

N.O.SPST pushbutton 

20 pin header 

bulkhead BNC 

red banana jack 

black banana jack 

green banana jack 

1" 4-40 spacer 

3/8" 4-40 screw 



electrolytic capacitor to filter lowfrequency noise 
and a O.l^iF ceramic capacitor to handle higher 
frequencies. The auto-zeroing action of the 
converter's comparator provides extremely good 
power supply rejection at low frequencies. 
Depending on the quality of the system's power 
supplies, the decoupling scheme could be 
relaxed in actual use. 



R1,R2 

R3 

R18 

R9, R14 

R17 

R4, R5,R6, R7, R8, RIO, R11,R12, R13 

R19, R20 

R16 

R21 

R15 

R22 

C14 

C1,C3,C5,C7,C9,C10,C12 

C2,C4,C6,C8,C11,C13 

Ul 

U2 

U3 

Ql 

SWl 

SW2 

CONl 

C0N2, C0N3, CON4, CON5, CON6 

C0N7 

CON8 

CON9 

POSTl, POST2, P0ST3, POST4, POST5, P0ST6 

SCI, SC2, SC3, SC4, SC5, SC6 
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CSZ5316 Evaluation Board 



Features 

• Easy To Use Digital Interface 

Parallel 16 Bits With Clock 
Serial Output With Clock 

• On-Board Clock Generation 

19.2 KHz Output Rate 

• Industry Standard Header Connector 

IDC Connector used to access 
Parallel Data, Serial Data, and 
Clock 



General Description 

The CDB5316 Evaluation Board is designed to allow the 
user to quickly evaluate the performance of the CSZ531 6 
Delta-Sigma Analog-to-Digital Converter. All that is 
required to use this board Is an external power supply, 
a signal source and an ability to read either serial or 
parallel 1 6 bit data words. 

Note: The CSZ5316 was formerly designated as the 
CS5316 



ORDERING INFORMAirON 

CDB5316 



Block Diagram 
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GENERAL DESCRIPTION 

The CDB5316 Evaluation Board is a stand-alone 
environment for easy lab evaluation of the 
CSZ5316 Delta-Sigma Analog-to-Digital Con- 
verter. Included on the board is the clock genera- 
tion circuitry needed to drive the CSZ5316 and a 
serial-to-parallel converter which allows the user 
to access the data in either a parallel or serial 
mode. When supplied with the necessary +5 
volts and -5 volts power supplies and an analog 
signal source, the CDB5316 will provide con- 
verted data at the 40 pin header. 

Suggested Evaluation Method 

An efficient evaluation of the CSZ5316 using the 
CDB5316 may be accomplished as described 
below. 

Equipment needed consists of the following: 

• The CDB5316 Evaluation Board 

• A power supply capable of supplying +5 V and 
•5V 

• A spectrally pure sine wave generator such as 
the KrohnHite Model 44(K)A "Ultra-Low Distor- 
tion Oscillator" 

• A PC equipped with a digital data acquisition 
board such as the Metrabyte Model PI012 "24 
Bit Parallel Digital I/O Interface" 

• A software routine to collect the data and per- 
form a Fast Fourier Transform (FFT) 

The set-up is straightforward. Use the sine-wave 
generator to supply the analog signal to the 
CDB5316. Converted data will then appear at 
the header on the CDB5316. The header should 
be connected to the digital data acquisition board 
in the PC through an IDC 40 pin connector and 
cable. The software routine should collect the 
data from the CDB5316 and run a standard 1024 
point Fast Fourier Transform (FFT). Such an 
analysis results in a plot similar to Figure 1 using 
a IkHz input signal and a Blackman-Harris win- 
dow for the FFT. 



The signal to noise and signal to total harmonic 
distortion characteristics of the CSZ5316 may be 
easily measured in this way. The signal to total 
harmonic distortion value for a particular input is 
the ratio of the RMS value of the input signal 
and the sum of the RMS values of the harmonics 
shown in the diagram. The dynamic range of the 
CSZ5316 can be measured by reducing the input 
amplitude so that distortion products become 
negligible. This allows an accurate measurement 
of the noise floor. 

More complex analysis such as intermodulation 
distortion measurements can be accomplished 
with the addition of more wave form generators. 

OdB 

-20dB 

-40dB 

Signal -60dB 
Amplitude 

Relative to ^^^„ 

Full Scale -^OdB 

-lOOdB 

-120CIB 

dc 1000 9600 

Input Frequency (Hz) 

Figure 1. ■ FFT Plot Example 
Power Supplies 

The power supply connections are fairly straight 
forward. A tracking split supply should be used 
to generate +5 volts and -5 volts. These should 
be connected to their respective inputs. A good 
quality low ripple, low noise supply will give the 
best performance. The +5 volt supply can also be 
used for VCC and should be connected between 
the VCC board jack and the power supply, as op- 
posed to connecting the VCC jack straight to the 
+5V jack. The +5V jack is the positive power 
source for the CSZ5316 IC whereas the VCC 
jack supplies power to all the digital IC's. Care 
should be taken that noise is not coupled be- 
tween VCC and +5V; however, supply noise is 





S/rN4-DV 84 1 dB 
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generally not a problem with the CSZ5316 since 
the on-chip decimation filter will remove any in- 
terference outside of its passband (9.6kHz). 



source is used, FSYNC will be the clock source 
divided by 256. Figure 2 depicts the clock 
generation circuitry. 



CIRCUIT DESCRIPTION 

Clock Generation 

The time base for the CDB5316 is a 4.9152 MHz 
crystal oscillator as shown in Figure 1. A clock 
source may be input at the CLKIN BNC connec- 
tor to override the crystal oscillator. The clock is 
divided by 256 through two four bit binary ripple 
counters and re-aligned by a D Rip-Flop. The 
result is the necessary master clock (4.9152 
MHz, CLKIN) and the frame synchronization 
signal (19.2 kHz, FSYNC). If an external clock 



Vcc 



Two optional handshaking signals are shown 
with the clock generation circuitry. These signals 
are Data Ready (D RDY) and Data Acknowledge 
(DACK). DRDY makes a transition low with the 
falling edge of FSYNC indicating that parallel 
data is available. DRDY is reset high when 
DACK returns to a high state. The Parallel Data 
Timing diagram . Figure 6, illustrates the opera- 
tion of DRDY and DACK with the arrows in- 



dicating control of each edge of DRDY. If 
DACK is not driven, it will be held high by a 
pull-up driving DRDY continuously high. These 
signals are designed for parallel I/O cards that 



Vcc Vcc 



DACKO 
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12 



CLKIN vm 




11 



_£l 



^10 



_Q. 
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^e 
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-O FSYNC 



HZ> CLKIN 



Figure 2. - Clock Generation Circuitry 
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support this type of handshaking such as the 
MetraByte PI012 Interface Card designed for 
use in an IBM PC. 

Analog'To-DigUal Conversion 

The analog-to-digital conversion is handled by 
the CSZ5316 which is shown in Figure 3 as U6. 
The signal level at AIN should not exceed the 
values indicated in the CSZ5316 Data Sheet 
Antialiasing requirements are a function of 
AIN's bandwidth and out-of-band energy. A full 
discussion can be found in Application Note 
"Antialiasing Considerations for the CSZ5316". 
Once the data is converted, it will be output to 
both the serial-to-parallel converter and the IDC 



header. The data is output from the CSZ5316 as 
a 16-bit burst of serial information with a data 
rate of 2.4576 MHz (clock source divided by 2) 
and a burst rate of 19.2 kHz (FSYNC rate). The 
burst starts after the rising edge of FSYNC. 
Figure 4 illustrates serial data timing but for 
more detailed timing information see the 
CSZ5316 data sheet. 

Serial-TO'Parallel Conversion 

The serial-to-parallel conversion is handled by a 
pair of 8-bit serial-to-parallel converters that are 
chained to handle the full 16-bit data word as 
shown in Figure 6. The serial data from the 
CSZ5316 is clocked into the converters with 
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Figure 3. - Analog-to-Digital Converter 
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cLKouT nxi_r\ruTJTrLrLnjij'Tjnj^jTri_ri. 



DATA I 15 I 14 I 13 I 12 I 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 



FSYNC J- 



Note: For a complete description of serial timing see the CSZ5316 Data Sheet 

Figure 4. - Serial Data Timing 



CLKOUT. The output is always available so, as 
the data is being clocked in, the information at 
the parallel interface will be changing. This data 
will change in a period that starts following the 
rising edge of FSYNC and lasts for about 6.5 
microseconds. The data is always stable when 
FSYNC is low and for this reason data should 
only be considered valid when FSYNC is low. 
Figure 5 illustrates when parallel data is valid 
and the operation of the handshaking signals. 
DRDY is output from the CDB5316 indicating 
parallel data is valid and DACK is used to reset 
DRDY acknowledging that data has been 
received. FSYNC may be used instead of DRDY 
if no acknowledgement signal is used. 

Both serial and parallel outputs are available 
through the 40 pin header which can be used 
with a standard IDC connector that has two rows 
of 20 pins spaced 0.100" apart. 



Components 

Table 1 below lists the major components on the 
CDB5316 Evaluation Board. All integrated cir- 
cuits that are attached to the IDC header are 
socketed as a precaution. Since the IC's used are 
CMOS, standard CMOS precautions should be 
observed when handling the Evaluation Board. 
Figure 7, A bird's eye view of tiie CDB5316 
Board, will help in locating component posi- 
tions. 
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Figure 5. - Parallel Data Timing 
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Mnemonic 



Ul 
U2 
U3 

U4,U5 
U6 

C1,C2 
C3-C13 
C14-C19 

R1,R2 
R3 

R4-R7 
R8 

XT 



Part Description 



FSYNC CI>- 

clkcxjtO- 

dataO- 



drdyO- 



74HCU04 - Octal Buffer 
74HCT393 - Ripple Counter 
74HCT74 - Dual D Flip-Flop 
74HCT299 - Shift Register 
CSZ5316 - Delta-Sigma ADC 

22 pF Capacitors 
0.1 uF Capacitors 
10 uF Capacitors 

10 ohm Resistors 
51 ohm Resistor 
22 kohm Resistors 
10 Mohm Resistor 

4.9152 MHz Crystal 



Comments 



Crystal Loading 

High Frequency Decoupling 

Low Frequency Decoupling 

Power Supply Decoupling 

Impedance Matching - optional, not supplied 

Pull-ups 

Crystal Loading 



Table 1. - Parte List 
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Figure 6. - Serial-to-Parallel Converter 
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Figure 7. - Bird's Eye View 
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Features 

• Throughput Rates up to 1 MHz 

• PC/uP-Compatable Header Connection 

• Buffered 1 2-Bit Data 

• Jumper Selectable: 

Unipolar/Bipolar Input Range 
Continuous Convertion 

• Adjustable Voltage Reference 

• Operation from On-Board Crystal or 
Externally-Supplied Master Clock 



General Description 

The CBD5412 is a completed, tested evaluation board for 
the CSZ5412 12-bit high-speed analog-to-digital 
converter. It includes a socketed CSZ541 2, and all of the 
components necessary to quickly and thoroughly verify 
converter performance under a wide variety of operating 
conditions. 

On board circuitry Includes voltage references and clock 
circuitry, plus data buffers, so that the user need only suppy 
power, and an input signal to exercise the CSZ5412. 

ORDERING INFORMATION 

CDB5412 



Block Diagram 
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PCM Line Interface Demonstration Board 



Features 

• Socketed CS61 534 

• Complete Line Interface Function 

• Slide Switch Control of Digital Inputs 

• Reset Circuit 

• Mode Selection Circuit 



General Description 

The board comes with a socketed CS61 534 IC plus all the 
discretes required so that the CS61534's performance can be 
verified in the lab without having to first build a breadboard. 

The board has four banana connectors for connecting two 
100-to-120 ohm twisted pair cables to the line transformers 
present on the board. Two other banana connectors allow 
for easy connection of an external five volt power supply. 
Power supply decoupling capacitors are resident on the board. 
BNC connectors allow easy access to the Received Clock and 
Data, the Transmit Clock and Data, and the Alternate Clock. 
Testing terminals provide access to the Serial Control Interface, 
DPM, MTIP, MRING, TTIP, TRING, LOS and center tap of the 
transmit transformer. 

Additional components provided on the board are a crystal, 
a reset circuit and a DIP switch for controlling the input pins: 
LENO, LEN1 , LEN2, TAOS. RLOOP and LLOOP. 

ORDERING INFORMATION 
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CIRCUIT DESCRIPTION 



The CDB61534 PCM Line Interface Demonstra- 
tion Board is an evaluation tool for the CS61534. 
The board allows the CS61534 to be evaluated 
with no further breadboarding required. The 
CDB61534 comes with two crystals: a 
6.176 MHz crystal installed for Tl operation and 



a 8.192 MHz crystal which can be installed for 
CCITT operation. Alternatively, a clock of four 
times the TCLK frequency can be input to 
XTALIN, disabling the jitter attenuator 
(4xCL0CK must have the same phase as 
TCLK). 




=:■ ..BRING 



■RTIP 



GND -±i 



R6 2.20 Dual Bananas ( 

AAA/ 1 ^-1 \ .jRiNG 



R7 2.20 
VsA^^ 



Figure 1. CDB61534 Schematic 
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Transmit Circuit 



Power Supply 



The transmit circuit consists of a 1:2 step-up 
transformer (Tl) and banana connectors (TTIP 
and TRING) for terminating a twisted pair. This 
circuit is activated by connecting pin 1 to pin 2, 
and pin 3 to pin 4 on pin header Jl. 

Additional circuitry is provided to support inter- 
facing to a CCITT coax line (75Q load, and 
2.37V pulse height). This circuit uses two 2.2^ 
resistors (R6 and R7) to control pulse amplitude, 
and is activated by removing the jumpers from 
pin header Jl. 

TxTIP and TxRING can be used to directly 
access pins 13 and 16 of the CS61534. TxREF 
allows access to the center tap (line side) of the 
transmit transformer. 

Receive Circuit 

The receive circuit consists of a center-tapped 
transformer (T2) and banana connectors (RTIP 
and RRING) for connecting the receive twisted 
pair. Resistors Rl and R2 provide a proper ter- 
mination load for twisted pair applications, and 
should be replaced by 150Q resistors for 75Q 
CCITT coax cable applications. 



The power supply circuit consists of two banana 
connectors (GND and +5) for connecting to 
ground and plus five volts. A 0.1|llF decoupling 
capacitor (CI) is supplied for the receive power 
pins. LOjiF and 68|xF capacitors (C2 and C4) are 
supplied for the transmit power supply. 

Mode Selection Circuit 

The Mode Selection circuit controls pin 5 of the 
CS61534, and selects between host mode and 
hardware mode. The circuit consists of a toggle 
switch and a lOkQ resistor (R4). 

RESET Circuit 

The RESET circuit consists of a switch, two 
diodes (Dl, D2), a capacitor (C3) and a resistor 
(R3). When in the hardware mode and the switch 
is pushed, the RLOOP and LLOOP pins are 
momentarily pulled high. RESET is invoked in 
the host mode by writing a command over SDL 

Control Circuit -Hardware Mode Operation 

The control circuit consists of a set of 6 DIP 
slide switches which control pins 23 through 28 
of the CS6 1534 as shown in Table 1. Turning a 
switch on provides a 5 Volt signal to the cor- 
responding pin. 



Switch 


CS61534Pin 
Affected 


Switch Position 


On (right, toward center of board) 


Off (left, toward edge of board) 


1 


LENO (23) 


Logic High 


Logic Low 


2 


LEN1 (24) 


3 


LEN2 (25) 


4 


RLOOP (26) 


Loopback selected 


Loopback not selected 


5 


LLOOP (27) 


6 


TAOS (28) 


Transmit all 1 's to the line 


Normal transmission 



Table 1. Switch Position Interpretation 
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Control Circuit -Host Mode Operation 



EVALUATION HINTS 



The serial bus pins of the CS61534 are accessed 
by connecting to the 10 pin header. Each pin on 
one side of the header is connected to the 
adjacent pin on the other side. The DIP slide 
switch is still used to control CLKE (pin 28). 
Placing the CLKE slide in the on position (right, 
toward the edge of the board), gives RCLK and 
SCLK polarity compatible with the DS2180. 
When CLKE is in the off position (left, toward 
the center of the board), RCLK has the same 
polarity as in the hardware mode (R8070 com- 
patibility). All of the other DIP switches are 
disabled in the host mode. 

WATCH OUT! Do not switch the board to the 
hardware mode when it is connected to your 
serial interface. If any of the dip switches are on, 
the power supply will be connected to your 
serial interface, potentially damaging its output 
circuits. 



1. A lOOQ load should be connected to the TTIP 
and TRING banana connectors when evaluating 
the transmitted signal. 

2. When externally implementing a loopback by 
connecting RPOS/RNEG to TPOS/TNEG and 
RCLK to TCLK, be sure to insert an inverter be- 
tween RCLK and TCLK (i.e., when in the 
hardware mode, or when in the host mode and 
CLKE is low). 

3. If an excessive amount of ringing is 
experenced at TTIP/ TRING due to the transmit 
transformer, try inserting a lOOQ resistor at the 
R5 location. 
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PCM Line Interface Demonstration Board 



Features 

• Socketed CS61 544 

• Complete Line Interface Function 

• Slide Switch Control of Digital Inputs 

• Reset Circuit 



General Description 

The board comes with a socketed CS61544 IC plus all the 
discretes required so that the CS61 544's performance can be 
verified in the lab without having to first build a breadboard. 

The board has four banana connectors for connecting two 
100 ohm twisted pair cables to the line transformers 
present on the board. Two other banana connectors allow 
for easy connection of an external five volt power supply. 
Power supply decoupling capacitors are resident on the board. 
BNC connectors allow easy access to the Received Clock and 
Data, the Transmit Clock and Data, and the Alternate Clock. 
Testing terminals provide access to DPM, MTIP, MRING, TTIP, 
TRING, LOS and center tap of the transmit transfonner. 

Additional components provided on the board are a crystal, 
a reset circuit and a DIP switch for controlling the input pins: 
LENO. LEN1 . LEN2, TAOS. RLOOP, LLOOP. B8ZS AND RAOS. 
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CS7008 Evaluation Board 



Features 

• Up to 64 Different Filters On-Board 

• Optional Input Antialiasing Filter 

• Optional Output Smoothing Filter 

• Operation from On-Board Crystal or 
Externally-Supplied Clock 

• Supports CRYSTAL-ICE Filter 
Development System 



General Description 

The CDB7008 allows the user to quickly verify the per- 
formance of the CS7008 Universal Filter under a wide 
variety of operating conditions. The on-board EPROM 
contains a large variety of filters that are DIP switch 
selectable and loaded into the CS7008 when RESET Is 
pressed. 

Jumpers on the input and output filters can be configured 
to provide antialiasing and smoothing, or the filters can be 
bypassed altogether. 

ORDERING INFORMATION 

CDB7008 



Board Layout 
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INTRODUCTION 

This application note discusses voltage 
references for use with Crystal Semiconductor's 
CS501X series of A/D converters and CSZ511X 
series of S-to-Z converters™. Reference design 
considerations, a design example and suggested 
reference circuits are explained in detail. 

Voltage references provide accurate voltages for 
use in data acquisition systems in order to 
establish a basis for conversion. In a data 
acquisition system, the value of the reference 
sets the gain of the A/D stage since the digital 
output corresponds to the ratio of the analog 
input signal to the reference voltage. 

In static applications, information is contained in 
the signal amplitude, therefore the absolute value 
of the reference voltage is important. In many 
signal processing applications, information is 
contained in the frequency and phase of the 
signal. Here, absolute value is not as important 
as the stability of the reference voltage during 
conversion. 

Zener-diode Reference 

There are two major varieties of voltage referen- 
ces. The first is the zener-diode based reference 
which uses a reverse-biased zener diode operated 
in its breakdown region. Most zeners breakdown 
at voltages of about 6.0V which limits the 
minimum supply voltage necessary for 
operation. When the diode is supplied with a 
constant current, it has a constant voltage drop. 
Zener references use a zener diode and an 
integrated feedback amplifier which provides 
constant current, gain, and buffering for the 
zener diode. 

Zener diodes exhibit two types of breakdown. 
The first is zener breakdown which has a 
negative temperature coefficient and is dominant 
at low current levels. The second, avalanche 
breakdown, occurs at higher current levels and 



has a positive temperature coefficient. At some 
specific current level, these two effects cancel 
each other and the temperature coefficient of the 
zener breakdown voltage is zero. As the ambient 
temperature changes, one of the breakdown 
mechanisms becomes dominant and the the 
reverse-biased diode voltage will exhibit a 
temperature coefficient. 

Bandgap Reference 

The second major type of reference is the 
bandgap reference. This reference uses the 
base-emitter voltage (Vbe) of a bipolar transistor 
as a basis for operation. The Vbe has a negative 
temperature coefficient (-2mV/°C). This 
negative temperature coefficient is balanced by a 
voltage with a positive temperature coefficient of 
the same magnitude. This voltage is usually 
obtained by using the difference of two Vbe's of 
transistors operating at different current 
densities. When both voltages are scaled and 
summed together, the result is a voltage which is 
less sensitive to temperature. The headroom 
required for bias and support circuitry is only a 
few volts over the output voltage. 

Reference Specifications 

Voltage references have six important specifica- 
tions. These are absolute accuracy, temperature 
coefficient, long-term reference drift, power 
supply sensitivity, output impedance, and output 
noise. 

Absolute or untrimmed accuracy is the 
difference between the actual output voltage 
and the ideal output voltage. It is specified in 
millivolts. 

Temperature coefficient describes the drift in the 
output voltage with temperature. Since this drift 
is nonlinear, curve fitting is often used for all 
temperatures between those actually tested. 
Voltage references are available with temperature 
coefficients as low as 1 ppm/°C. Inexpensive 
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Reference 
Voltage -30 
Drift 
(ppm) 




1000 1250 1500 1750 2000 2250 2500 
Time (hours) 
Figure 1. - Long Term Stability of a Typical Zener Reference 



references are available with 10 to 50 ppm/°C 
drift which is comparable to on-chip references 
of bipolar A/D converters. Temperature coeffi- 
cient is specified in ppm/°C. 

Long term stability is the drift in the reference 
voltage over time. Most references show minor 
deviations in voltage due to 1/f noise in circuit 
components. These deviations are usually small 
and are superimposed on a larger drift charac- 
teristic which is due to device aging. An example 
of this is seen in Figure 1. Long term drift is 
specified in ppm/ 1000 hrs. 

Power supply sensitivity (line regulation) is the 
change in output voltage due to a change in 
power supply. Most references have good power 
supply rejection at dc, but ac power supply rejec- 
tion is also important when power supplies are 
subject to high frequency coupling or noise 
spikes. PSRR (Power Supply Rejection Ratio) is 
the ratio of the change in power supply to the 
change in output voltage. It is specified in dB. 

Output impedance is important because of the 
dynamic loads generated by the CS501X 



successive-approximation A/D converters. When 
the reference is sourcing or sinking current, its 
output voltage will change due to non-zero 
output impedance. This impedance must be low 
enough at all frequencies of interest so the 
deviation in reference voltage when sourcing 
current is negligible. Output impedance is 
specified in ohms. 

Output noise can lead to comparison errors in the 
A/D converter, and subsequently conversion 
errors. For the CS501X converters, reference 
noise is more evident with full scale inputs. It is 
specified in |j.V peak-to-peak. 

Design Considerations 

When interfacing voltage references to the 
CS501X series of A/D converters, their 
specifications should be robust enough so that 
the reference does not become a source of 
conversion error. During conversion, each 
capacitor of the calibrated capacitor array in the 
CS501X is switched between VREF and AGND 
in a manner determined by the successive- 
approximation algorithm. The charging and 
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discharging of the array results in a current load 
at the reference. The CS501X A/D converters 
include an internal buffer amplifier to minimize 
the external reference circuit's drive requirement 
and preserve the reference's integrity. Whenever 
the array is switched during conversion, the 
buffer is used to pre-charge the array thereby 
providing the bulk of the necessary charge. This 
buffer enlists the aid of an external 0.l\jiF 
ceramic capacitor which must be tied between its 
output, REFBUF, and the negative analog 
supply, VA-. The appropriate array capacitors are 
then switched to the unbuffered VREF pin to 
avoid any errors due to offsets and/or noise in 
the buffer. The external reference circuitry need 
only provide the residual charge required to fully 
charge the array after pre-charging from the 
internal buffer. This creates an ac current load as 
the CS501X sequences through conversions. 

The reference circuitry must have a low enough 
output impedance to provide the requisite current 
without changing its output voltage significantly. 
As the analog input signal varies, the switching 
sequence of the internal capacitor array changes. 
The current load on the external reference 
circuitry thus varies in response with the analog 
input. Also with CS501X converters, bits are 
converted at a IMHz rate with a full speed 
(4MHz) clock. The reference must settle within 
one microsecond so that it will be accurate 
before the next bit is converted. Signal amplitude 
dependent loading and conversion settling time 
require the output impedance of the reference to 
remain low from dc to at least IMHz in order to 
ensure good converter performance. 



The CS501X series of converters can operate 
with a wide range of reference voltages, but 
signal-to-noise performance is maximized by 
using as wide a signal range as possible. All 
CS501X converters can actuzdly accept reference 
voltages up to the positive analog supply. 
However, the internal buffer's offset may 
increase as the reference voltage approaches 
VA+. This increases external drive requirements 
at VREF. Allowing 250mV headroom for the 
internal reference buffer is recommended. If the 
supplies are regulated specifically for the 
converter, 5.0 volt references may be used if the 
supply voltages for the CS501X are kept 
between ± 5.25 and ± 5.5 volts. 

The magnitude of the current load presented to 
the external reference circuitry by the CS501X 
converters will vary with the master clock fre- 
quency. At full speed (4MHz clock), the CS501X 
A/D converters require maximum load currents 
of 10|jA peak-to-peak (l^iA peak-to-peak 
typical). The voltage reference must supply this 
current and maintain adequate voltage regula- 
tion. The load currents scale proportionately with 
the master clock frequency. Slower clocks can be 
used to relax maximum output impedance 
specification of the reference. 

When driving multiple A/D converters from the 
same reference circuit, load currents will scale 
proportionally to the number of converters. 
Distribute the required decoupling components 
such that each ADC is locally decoupled. 



PartT"^ """"- — ~— ----^ 


4MHz 


2MHz 


IMHz 


500kHz 


CS5012/CSZ5112 (Vref=4.5V) 


27 


54 


108 


216 


CS5012/CSZ51 12 (Vref=2.5V) 


15 


30 


60 


120 


CS5014/CSZ51 14 (Vref=4.5V) 


7 


14 


28 


56 


CS5016/CSZ5116 {Vref=4.5V) 


2 


4 


8 


16 



All units 
in ohms 



Table 1. - Maximum Output Impedance for « 1/4 LSB Reference Deviation 



11-6 



AN4REV2 



A reference with a maximum output impedance 
of 2 Q will yield a maximum error of 20)iV. This 
reference could drive a CS5016 (LSB=69|iV 
with a 4.5V reference) and maintain 
approximately 1/4 LSB deviation during conver- 
sion. Similarly for the CS5014 (LSB=276^iV 
with a 4.5V reference), and CS5012 
(LSB=613|iV with a 2.5V reference), maximum 
impedances of 7 and 15 Q respectively will 
maintain adequate regulation. Table 1 defines 
maximum reference impedances allowed for 
each of the Crystal A/D's operating at different 
master clock frequencies in order to keep 
reference deviation approximately equal to 1/4 
LSB. 

All precision references exhibit extremely low 
output impedance at dc. However, as frequency 
increases the impedance also increases. A large 
capacitor connected between VREF and AGM) 
can provide sufficiently low output impedance at 
the high end of the frequency spectrum where 
the reference impedance is too high. 

For example, the impedance of an ideal IOmF 
capacitor drops below 1 Q at frequencies greater 
than 16kHz. However, actual capacitors behave 
differently due to their physical structure. 
Tantalum-foil electrolytic capacitors begin to 
appear inductive at frequencies around lOOkHz 
and as a result their impedance begins to rise at 
frequencies above this. Aluminum electrolytic 
capacitors appear inductive at frequencies 



CS501X/CSZ511X 

around lOkHz. Ceramic-disk capacitors behave 
much closer to ideal and begin to appear induc- 
tive at frequencies around 5MHz, but lOjiF 
ceramic-disk capacitors are quite rare. Therefore, 
a high-quality tantalum capacitor (lOnF) in 
parallel with a smaller (O.ljiF) ceramic capacitor 
is recommended. This combination yields low 
impedance up to frequencies around 50MHz. 

Peaking 

The presence of large capacitors on the output of 
some voltage references may cause peaking in 
the output impedance at intermediate frequen- 
cies. Care should be exercised to ensure that 
significant peaking does not exist or that some 
form of compensation is provided to reduce it. 

Most commercially available references use an 
integrated op-amp to buffer the actual reference 
generator. External capacitive loading will 
degrade performance of this op-amp. This 
degradation can be analyzed using classical 
analysis techniques. The open loop gain of an 
ideal op-amp is primarily determined by the 
internal compensation capacitor which generates 
a left-half-plane-pole (LHPP) at a very low 
frequency. The effect of this pole is to reduce the 
open loop gain by 20dB per decade and to add a 
-90 degree phase shift to the open loop transfer 
characteristic. Adding a capacitive load to the 
output of the op-amp generates another LHPP at 
a frequency inversely proportional to the 
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Figure 2. - Reference Connections 
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capacitor's value. An additional 20dB per decade 
reduction in gain and -90 degree phase shift 
result from the second LHPR 



The term "fpeak" is the frequency of the peak in 
the output impedance of the reference before the 
resistor is added. 



The unity gain bandwidth of an op-amp (fo), is 
the frequency at which the open loop gain goes 
to unity. If the total phase shift reaches -180 
degrees before fo is reached the op-amp will 
become unstable. The closed loop frequency 
response peaks at fo. As the total open loop 
phase shift at fo approaches -180 degrees, the 
closed loop peak at fo approaches infinity. The 
point of critical damping is the point where the 
peaking is precisely zero. Any phase shift less 
than this results in no peaking, and phase shift 
greater than this results in increased peaking. 

Any peaking that might occur can be reduced by 
placing a small resistor in series with the 
capacitors (Figure 2). This resistor adds a 
left-half-plane-zero (LHPZ) to the open loop 
characteristic of the op-amp. This zero increases 
the gain by 20dB per decade, and adds a +90 
degree phase shift. The resulting reduction in 
total phase shift at fo reduces peaking in the 
closed loop characteristic. The equation in 
Figure 2 can be used to help calculate the 
optimum value of R for a particular reference. 
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Figure 3. - Output Impedance Curves for LT1019-5 



Design Example 

Figure 3 shows the output impedance charac- 
teristic of an LT1019-5 reference trimmed to 
4.5V. The three curves represent impedances of 
the stand-alone reference, the reference with a 
10|jF tantalum and a 0.1)jF ceramic capacitor 
added in parallel to the output, and the reference 
with the capacitors and a 2.2 Q, resistor in series 
with them (See Figure 2). Without loading, the 
reference impedance rises above 100 Q at 
50kHz. Adding the capacitors, peaking can be 
seen, but the maximum impedance is about 13 Q 
at 4kHz. As shown in Table 1, 13 Q is sufficient 
for use with the 12-bit converters and for the 14 
and 16-bit converters with slow master clocks. 
With the addition of the 2.2 Q resistor, the peak 
is reduced to 6 Q and the impedance approaches 
2.2 Q at high frequencies. 

Suggested Voltage Reference Circuits 

Seven references were characterized for use with 
the CS501X family of successive-approximation 
A/D converters and the CSZ511X family of 
S-to-Z converters™. Important reference 
specifications such as output impedance and drift 
were measured for all references using standard 
test techniques. In addition, a Fast-Fourier 
Transform (FFT) test was performed to 
characterize the total dynamic performance of 
each reference circuit while driving a CSZ5116 
converter. The same CSZ5116 was used for all 
tests yielding results which allow the comparison 
between different references. A summary of 
performance can be seen in the table on page 13. 
During the FFT test, a pure sine wave is applied 
to the CSZ5116 and a "time record" of 1024 
samples is captured and processed. The FFT al- 
gorithm analyzes the spectral content of the 
waveform and distributes its energy among 512 
"frequency bins". Distribution of energy in bins 



11-8 



AN4REV2 



CS501X/CSZ511X 



outside of the fundamental and dc can be 
attributed to errors in the A/D converter's perfor- 
mance, the reference, or the input sine wave. 

The result of the FFT test is the ratio of input 
signal amplitude to the combination of harmonic 
distortion and total integrated noise. It is referred 
to as S/(N+D) in all of the performance charts in 
Figures 4 to 10. This ratio is expressed in dB. If 
input sine wave distortion and the actual A/D 



converter's distortion and noise are assumed to 
be negligible, the S/(N+D) is due to the reference 
only. In reality, this assumption can not be made. 
In the case of the Great Reference (See Figure 
10), performance matches or exceeds the 
capability of the test setup. S/(N+D) ratios of 72 
and 82 dB are sufficient for the 12-bit and 14-bit 
converters. For the 16-bit converters, 88 to 94 
dB is necessary. 
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5ppm/ OQ 


PSRR (50Hz to 500Hz) 


90dB 


Long Term Stability 


- 


Output Noise (dc to 1 MHz) 


250uV p-p 


S/(N + D) (100Hz) 


89dB 


S/(N + D) (1kHz) 


89dB 



Figure 4. - LT1019-5 Reference Trimmable to 4.5V 





LT1 01 9-2.5 






+2.5V 


+7.5 -«-+15V 


OUT 
IN 

GND 
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C1^ 


"^^ 


p^C2 
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4 
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C1:10uF tantalum 
C2:0.1uF ceramic 



R2:2.4n 1% 



Reference Type 


Bandgap 


Untrimmed Accuracy 


1.25mV 


Max Impedance 


4.0O @5.8kHz 


Total Output Drift 


5ppm/ oc 


PSRR (50Hz to 500Hz) 


90dB 


Long Term Stability 


- 


Output Noise (dc to 1MHz) 


lOOuVp-p 


S/(N + D) (100Hz) 


87dB 


S/(N + D) (1kHz) 


86dB 



+10 -+15V 
O 



LT1021-5 

OUT 



TRIM 



GND 



Figure 5. - LT1019-2,5 Reference 



+5.0V 



i 



C1 



C2 



R3 



R2 



ClilOuF tantalum R1:27kn 1% 
C2:0.1uF ceramic 52: 2.2 g 1% ^ .^ ^ ^ 
R3:50kn Low Drift Pot 



Figure 6. - LT1021 Reference 



Reference Type 


Zener 


Untrimmed Accuracy 


2.5mV 


Max Impedance 


3.80 @5.0kHz 


Total Output Drift 


3ppm/oC 


PSRR (50Hz to 500Hz) 


86dB 


Long Term Stability 


15ppnrV1000hr 


Output Noise 


60uV p-p 


S/(N + D) (100Hz) 


90dB 


S/(N + D) (1kHz) 


90dB 
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+15V 

o 



VRE105-3 

OUT 



GND 



REFGND 



4.5 or 4.096 V 



T 



C1 



C2 



R2 



To AGND 



C1:10uF tantalum 
C2:0.1uF ceramic 



R2:1.96n 1% 



Figure 7. - VRE105-3 Reference 



Reference Type 


Zener 


Untrimmed Accuracy 


500uV 


Max Impedance 


2.5r^@20kHz 


Total Output Drift 


0.5ppm/oC 


PSRR (50Hz to 500Hz) 


lOOdB 


Long Term Stability 


6ppm/1000hr 


Total Output Noise 


80uV p-p 


S/(N + D) (100Hz) 


90dB 


S/(N + D) (1kHz) 


90dB 



FFT tests were performed at lOOHz and IkHz. 
The lOOHz test checks the output impedance of 
the reference chip itself which dominates at low 
frequencies. At intermediate frequencies in the 
kHz range, highest output impedance was seen 
in all references. This was tested using the IkHz 
FFT test. Since the reference capacitors dominate 
the impedance at high frequencies, high frequen- 
cy FFT tests were not necessary. Although not 
tested, the best reference is likely to yield the 
best DNL performance when using a CS501X 
part. The least complicated reference circuit is 
the stand-alone reference chip with a passive 
compensation network. Its temperature drift and 
noise performance is equal to the reference chip 
itself since the compensation network does not 
change the dc output voltage. Keeping the output 
impedance low from dc to IMHz is not trivial 
however, since there is no additional active 
circuitry added to perform this task. Four 
references were tested in the stand-alone 
configuration. Figures 4, 5, 6, and 7 illustrate 



schematics and measured specifications for these 
references. All references are monolithic with the 
exception of the VRE 105-3 reference which is a 
hybrid. The calculated value of R2 in each of the 
references above will change slightly between 
units. Since the actual variation is small, picking 
the closest 1% tolerance resistor to the calculated 
value should give similar performance for all 
references of a particular manufacturer's model. 

Other stand-alone voltage references with similar 
specifications include the AD584, REF02, 
REF03, REFIO, and REF43. When designing 
with these references, the equation shown in 
Figure 2 should be used to calculate the approp- 
riate value of R2 for each type of reference. 

For applications which use ± 5.0 volt supplies, 
the reference in Figure 8 can be used. This 
reference circuit, designed by PMI, takes 
advantage of their new low power op-amp in a 
novel feedback configuration to achieve a 4.5 



+4.7 -+15V 




Reference Type 


Zener 


Untrimmed Accuracy 


I.SmV 


Max Impedance 


4.40 @ IkHz 


Total Output Drift 


8.0ppm/oC 


PSRR (SOHztolOOHz) 


60dB 


Long Term Stability 


- 


Output Noise (dc to 1MHz) 


400uV p-p 


S/(N + D) (100Hz) 


88dB 


S/(N + D) (IkHz) 


88dB 



Figure 8. - Low Power Supply Reference 
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O+5.0V 



lOuFpnoiuF 



Reference Type 


Zener 


Untrimmed Accuracy 


50mV 


Max Impedance 


6.90@2kHz 


Total Output Drift 


25ppm/oc 


PSRR (50Hz to 100Hz) 


80dB 


Long Term Stability 


- 


Output Noise (dc to 1 MHz) 


30uV p-p 


S/(N + D) (100Hz) 


90dB 


S/(N + D) (1kHz) 


90dB 



Figure 9. - Low Headroom Reference 



volt reference which operates from 4.7 to 15 volt 
supplies. 

Since only a few microamps of quiescent current 
flows in the op-amp, it can be assumed that the 
only current flowing in R3 is the same as that 
flowing in R4. It can be shown that V6 = 
3.57(Vin-V7). For an output of 4.5 volts, and a 
supply of 4.7 volts, the op-amp has a supply of 
approximately 4.0 volts and an output voltage of 
2.14 volts. This output voltage is well within the 
maximum specification of the OP-90 op-amp. 
Other references can be substituted for the 
REF43 if different drift or noise specifications 
are required. 



The reference shown in Figure 9 is a low noise 
reference with less than 30|iV peak-to-peak of 
noise from dc to IMHz. It uses a discrete output 
stage allowing Vref to come within 300mV of 
the positive supply. The filtering network R1,CN 
reduces the bandwidth of the reference and 
therefore reduces the total output noise. The 
OP-07 is a low noise op-amp which buffers the 
filtered reference. This op-amp contributes very 
little noise to the entire reference circuitry. 

The temperature coefficient of this reference is 
primarily due to to the matching of the gain 
resistors R2 and R3, so low temperature drift 
resistors should be used. Long term drift is 
dominated by the AD1403's drift. Other 2.5 volt 



O+15.0V 




J.luFp^K 



OuF 



ceramic l_J tantalum 



+4.5V 




-15 V 



Reference Type 


Zener 


Untrimmed Accuracy 


25mV 


Max Impedance 


0.5n (3) 3kHz 


Total Output Drift 


9ppm/oC 



PSRR (SOHztolOOHz) 


95dB 


Long Term Stability 


50ppm/1000hr 


Output Noise (dc to 1 MHz) 


5uV p-p 


S /(N + D) (100Hz) 


92dB 


S/(N + D) (1kHz) 


92dB 



Figure 10. - Great Reference 
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references can be used to improve this specifica- 
tion. The output voltage can be changed by 
adjusting R2 and R3 according to the following 
equation: Vref = Vout*((R2+R3)/R2). Resistors 
with 0.1% tolerance for R2 and R3 limit the 
reference's untrinmied accuracy only. Resistors 
with 1% or 5% tolerance can be used if 
un trimmed accuracy less than 50mV is not 
necessary. The supplies of the OP-07 should be 
bypassed with O.ljiF capacitors to ground. 

The reference in Figure 10 exhibits very good 
noise, output impedance, and long term drift 
performance. It can be used in appications which 
have ± 15 volt supplies available. The reference 
has noise less than lOp-V peak-to-peak from dc to 
IMHz. The filtering network R2, R3, and CN 
filters noise components greater than lOHz from 
the output of the REFIO reference. The OP-27 is 
a very low noise op-amp with excellent input 
offset drift over time and temperature. 

The temperature coefficient of this reference is 
primarily due to to the matching of the voltage 
divider R2 and R3. Matched, low temperature 
drift resistors should be used when absolute 
accuracy is required. Temperature drift of the 
reference chip plus input offset drift of the 
op-amp is about 9ppm/°C. Other 10 volt 
references can be used in place of the REFIO. 

The reference voltage can be changed by 
adjusting R2 and R3 according to the following 
equation. Vref = Vout*(R3/(R2+R3)). 

This circuit has no protection against acciden- 
tally applying ± 15V to the VREF pin. This 
could occur if the OP27 fails. 

Miscellaneous Applications Information 

Thermal temperature gradients due to power 
dissipation on the voltage reference die can 
create output voltage shifts. Keeping the entire 
chip on an isothermal plane is helpful. Reference 
load conditions should be kept very close to 



those specified, or degraded temperature perfor- 
mance will result. Some references specify a 
thermal regulation in ppm/mW. This can be used 
to calculate voltage drift for a specific power 
dissipation due to loading. 

Overall die temperature change can cause 
thermally induced output voltage variations 
which can exceed electrical effects. Shifts in 
power dissipation on the board level are the 
major contributor to this error. In critical applica- 
tions, using a heat-sink is recommended to keep 
the reference temperature deviations small. 

Thermocouple effects between package leads 
can also cause excessive output voltage drift and 
noise. Differences between materials in IC leads 
and PC-board traces can cause thermoelectric 
currents to flow. Ambient air turbulence around 
the leads causes mismatches in the temperature 
between the package leads. The resulting 
thermoelectric voltage contributes to noise. 
Using dual in-line packages (DIPs) is recom- 
mended over using TO-5 type packages. The 
copper or Alloy 42 lead frames on DIPs are 
much less sensitive to thermocouple effects than 
the Kovar leads of the TO-5 packages. Using an 
enclosure such as a polysulfone shield which 
blocks the air flow over the reference package 
will also reduce the problem by reducing air 
movement around the package leads. 

In reference circuits which have external gain 
setting resistors, tracking of the temperature 
coefficients of these resistors is vital. Wirewound 
resistors made of Evenohm or Mangamin have 
the lowest temperature coefficients. Ceramic 
film resistors such as Vishay are also good. 
Matching in resistor temperature coefficients as 
good as 0.4 ppm/°C can be achieved. Arranging 
these resistors in close proximity to one another 
also helps matching. SIP or DIP resistors by 
Beckman exhibit the best matching since all 
resistors are processed on the same substrate. 
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Part# 

VRE105-3 

LT1019-5 
LT1 01 9-2.5 
LT1021-5 

OP07 

OP90 

REF02 

REF03 

REF43 

OP27 
REF10 

AD584 
AD1403 



Manufacturer 

Thaler Corporation 

Linear Teclinology 



Telephone Number 

(602) 742-5572 

(408) 942-0810 



Precision l\/lonolithlcs Inc. (408) 727-9222 



Burr-Brown 



(602) 746-1111 



Analog Devices (617) 329-4700 

List of Manufacturers 



Reference 


Type 


Untrimmed 
Accuracy 


Maximum 
Impedance 


Output 
Drift 


PSRR 
(50Hz to 100Hz) 


LT1019-5 


Bandgap 


2.5mV 


6.50 @ 3.2kHz 


5ppm/°C 


90dB 


LT1 01 9-2.5 


Bandgap 


1.25mV 


4.0O@ 5.8kHz 


5ppm/°C 


90dB 


LT1021-5 


Zener 


2.5mV 


3.8r^@ 5.0kHz 


3ppm/°C 


86dB 


VRE105-3 


Zener 


500uV 


2.5il@ 20kHz 


0.5ppm/°C 


lOOdB 


Low Supply 


Zener 


1.5mV 


4.4n@1kHz 


8ppm/°C 


SOdB 


Low Headroom 


Zener 


50mV 


6.9n@2kHz 


25ppm/**C 


80dB 


Great 


Zener 


25mV 


0.5rj@3kHz 


9ppmrC 


95dB 



Reference 


Long Term 
Stability * 


Output Noise 
(dc to 1MHz) 


S/(N+D) 
(100Hz) 


S/(N+D) 
(1kHz) 


LT1019-5 


- 


250uV p-p 


89dB 


89dB 


LT1 01 9-2.5 


- 


1 0OuV p-p 


87dB 


86dB 


LT1021-5 


15ppm/1000hr 


60uVp-p 


90dB 


90dB 


VRE105-3 


6ppm/1 OOOhr 


80uV p-p 


90dB 


90dB 


Low Supply 


- 


400uV p-p 


88dB 


88dB 


Low Headroom 


- 


30uV p-p 


90dB 


90dB 


Great 


50ppm/1 OOOhr 


1 0uV p-p 


92dB 


92dB 




Performance Comparison Table 

* Taken from reference data sheets. All other parameters were measured. 

Information in this application note is believed to be accurate and reliable. However, Crystal 
Semiconductor Corporation assumes no responsibility for the use of any circuits described. 
No representation is made that the interconnection of these circuits will infringe on existing 
patent rights. 
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Suggested Grounding and Supply Arrangements 

fortheCS31412 



by 
Steven Harris 
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APPLICATION NOTE 

CS31412 Quad Track and Hold Amplifier 
Recommended Grounding and Supply Arran- 
gements 

The CS31412 connections fall into 6 classes: 
analog inputs, analog outputs, non time-critical 
digital inputs, digital outputs, power supplies, 
and the hold signal. The fundamental guideline 
to follow is to think carefully about the currents 
flowing due to the above 6 classes of signals, 
and keep them separate. 

A good layout scheme will: 

a) Keep digital signal noise from the analog out- 
put. 



b) Obtain the best possible accuracy. 

c) Minimize the aperture jitter. 

d) Minimize power supply noise affecting the 
output. 

The following guidelines will help to achieve 
these goals: 

1) Have separate analog and digital grounds. 
Only join these grounds together at one place, 
typically either at the power supply or at the 
ADC. 

2) Decouple the part with a 10|iF/0.1|xF capacitor 
combination connected between V+ and V-, as 
near to the part pins as possible 

3) Group all of the non time-critical digital signal 
traces together and keep them separated from the 
analog signals. Also use digital ground traces to 



5iQNAL 
CONDJTIONMG 



ANALOQ 
SUPPLY 



ANALOG 
tSV 
SUPPLY 



> 



> 



ANAL06 
INPUTS 



fCllD 



ANALOQ 
OUTPUTS 

CS31412 

A6Nt> 



OOlsrfftOL 



ANALOG GROUND PLAN? 



x^mx> 



ad:; 



AGND 



mm 



HOLD mmm 

DKSlTAt 

Oj^uiTpiy 



tJIGrf AL GROUND P)jm 



CS31412 SUGGESTED GROUND PLANE LAYOUT 
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isolate this group of traces from the other sig- 
nals. 

4) The high input impedance of the part on the 
analog input pins results in a very small input 
current. Nevertheless, if termination resistors are 
used, the return currents for each resistor should 
be kept separate to avoid introducing crosstalk 

5) Connect the loads to the analog outputs such 
that the return currents do not flow in any input 
related ground leads. 

6) Typically the hold signal will be terminated to 
ground near to the CS31412. This gives a clean 
edge and also minimizes the absolute amplitude 
of the hold signal. Both the hold signal and its 
return current trace should be brought back to 
the pins of the part generating the signal. 

The figure shows a possible ground plane layout, 
concentrating on the area around the CS31412. 

Notes: 

1) The CS31412 is grossly out of scale. It is en- 
larged to highlight the grounding around the 
sample hold. 

2) The Analog and Digital ground planes should 
be joined together at the ADC or at the power 
supplies. 
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APPLICATION NOTE 

ANTIAUASING CONSIDERATIONS FOR 
THECSZ5316 

Introduction: 

Delta-Sigma A/D converters perform a rough 
A/D conversion at a high rate and digitally filter 
the output to obtain an accurate low frequency 
conversion. Since the input is initially sampled at 
a high rate and followed by a digital filter, the 
majority of antialias filtering is performed by the 
digital filter. However, aliasing problems due to 



decimation still remain. These aliasing issues can 
be addressed by analog and/or digital filters. In 
general, the antialias filtering requirements of the 
CSZ5316 are simpler than those of conventional 
A/D converters. This application note describes 
the aliasing properties of the CSZ5316 and 
provides examples of filtering options. 

Note: Antialiasing requirements are a function of 
the desired signal bandwidth and out-of-band 
energy. For simplicity, a clock rate of 4.096 MHz 
has been chosen for this note. If the actual clock 
rate is different, all the frequency values in this 



. . Sampling 
Analog Rate 
input 



Modulator 

Output 

|X(eiw) 



Double Integration 
Delta-Sigma 
Modulator 



Digital 

Low-Pass 

Filter 



Sampling Rate 
Decrease By 
Factor of M 




Pin 6 



Filter 

Response 

|H(eiw)| 



Filter Output 
Prior to 
Decimation 
|W(eiw)| 



Filter Output 
After 

Decimation 
|Y(eiw)| 



frequency 



> frequency 
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/ \ / \ / \ / \ 






-». frequency 



£. 2F 3F 

M M M 

Figure 1. - Block Diagram and Typical Spectra for Sampling Rate Reduction by a Factor of M 
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note should be scaled by (actual clock 
rate)/(4.096MHz). 

Initial Sampling: 

The initial sampling of the analog input is done 
at 2.048 MHz. There is no internal filtering of 
frequencies at (2.048)n MHz + 8 kHz (where n = 
1,2,3-.)- If signals in this band exist, an analog 
filter must attenuate them. Typically, a single- 
pole RC filter will suffice (see CSZ5316 data 
sheet). 

Decimation: 

The process of digitally converting the sampling 
rate of a signal from a given rate F to a lower 
rate F' is called decimation. The decimation 
process is shown graphically in the frequency 
domain in Figure 1. The delta-sigma modulator 
output, x(n), sampled at frequency F is fed into a 
low-pass filter with response h(n). The output of 
this filter is decimated by a factor M to a new 
sampling rate of F' = F/M. 



The analog modulator on the CSZ5316 is fol- 
lowed by a digital filter that has the following 
frequency response: 



i< lu/^ W^w I sin(NTr f/ fs)|3 



(1) 



where N = 128 and fs = 



CLKIN 



The digital filter's frequency response is plotted 
in Figure 2. The output rate of this digital filter is 
internally decimated to 16 kHz. Decimating to 
16 kHz implies that he output of the filter is 
effectively resampled at 16 kHz. Therefore, 
signals at multiples of 16 kHz will alias into the 
baseband after being attenuated according to the 
filter response defined in Equation 1. For 
example, an input tone at 28 kHz will be 
attenuated by 53.4 dB and will appear at 4 kHz 
in the output spectrum (2 (16 kHz) - 28 KHz = 
4 kHz). 

Table 1 shows the antialiasing rejection at a few 
key frequencies. 



Mag|H(eM| (dB) 


-40 -\ 

-80 

-120 





Frequency (kHz) 
Figure 2. - Low-Pass Filter Response 
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Input Frequency (kHz) 


Output Frequency (kHz) 


Attenuation (dB) 


10 


6 


19.6 


12 


4 


31.4 


14 


2 


51.4 


18 


2 


57.9 


20 


4 


44.7 


24 


8 


40.4 


28 


4 


53.4 


34 


2 


74.5 



Table 1. - Antialiasing Rejection at Key 
Frequencies 

Note that the worst case rejection into the 0-4 

kHz band is 3L4 dB for input signals at 12 kHz. 

Also note that very little rejection is provided for 

signals that alias into the 4-8 kHz band. 

ANTIALIASING STRATEGIES 

One of the following three cases and associated 
antialiasing strategies should apply to any 
CSZ5316 application: 

Case 1 -No Out of Band Energy 

4 kHz Bandwidth: 

If there is no incoming energy past 4 kHz, the 
digital output can be decimated to 8 kHz by 
simply dropping every other output sample. In- 
coming signals past 4 kHz can always be filtered 
by an analog filter prior to A/D conversion. 
Since the digital output is not filtered prior ro 
decimation, the dynamic range will be 84 dB 
(see Data Sheet). 

8 kHz Bandwidth: 

When signals from to 8 kHz are of interest, the 
incoming signals must be band-limited to 8 kHz. 
Since the CSZ5316 output rate is akeady at the 
Nyquist rate of 16 kHz, no further decimation is 
necessary. The dynamic range will be 84 dB. 



Case 2 -Limited Out of Band Energy 

Assume that the input signal has the following 
spectrum: 




4 kHz 12 kHz 

Figure 3. - Limited Out of Band Energy 

Two filtering methods are possible to prevent 
aliasing: 

Analog Filter on Input 

An analog filter can be used to remove the ener- 
gy in the 4-12 kHz band prior to A/D conversion. 
The digital output of the CSZ5316 can be 
decimated to 8 kHz. If decimation is done 
without digital filtering, the dynamic range will 
be 84 dB (see Data Sheet). 

Digital Filter on Output 

Unwanted noise from 8 to 12 kHz will alias into 
the 4-8 kHz band after intemal decimation in the 
CSZ5316. A digital filter can be used at the out- 
put of the CS215316 to remove energy in the 4-8 
kHz band. The output of this external digital fil- 
ter can be decimated to 8 kHz. In this case, the 
dynamic range will be 90 dB (see Data Sheet). 

Case 3 -Lots of Out of Band Energy 

Assume that the input signal has the following 
spectrum: 



Desired 
Signal 



Unwanted 
Noise 



Figure 4. - Lots of Out of Band Energy 
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The following filtering possibilities exist: 

Analog Filter 

An analog filter can be used to remove energy 
past 4 kHz. The digital output of the CSZ5316 
can be decimated (drop every other sample) to 8 
kHz. If decimation is done without a post digital 
filter, then the dynamic range will be 84 dB (see 
Data Sheet). 

Analog and Digital filters 

A combination of analog and digital filters can 
be used. The digital filter can remove signals that 
alias into the 4-8 kHz band. As seen from Table 
1, the frequencies that alias into the 4-8 kHz 
band are 8-12 kHz, 20-28 kHz, 36-44 kHz, and 
so on. The internal decimation filter on the 
CSZ5316 provides a minimum rejection of 
31.4 dB for components in the 12-20 kHz and 
28-36 kHz bands. Note that the requirements on 
this analog filter are significantly relaxed 
compared to the filter in the analog alone option 
(i.e. the transition band for this analog filter is 
much wider). Since a digital filter is used to 
remove energy in the 4-8 kHz band, the dynamic 
range will be 90 dB (see Data Sheet). 
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INTRODUCTION 

The CSZ5316 Delta-Sigma Analog to Digital 
converter is a high resolution A/D converter with 
excellent AC characteristics for voice-band 
signal processing applications. This application 
note describes one way to interface the CSZ5316 
to the TMS32020 Digital Signal Processor. 

Functional Description 

The need for this interface logic is two-fold. 

First, the TMS32020 samples FSR on the falHng 
edge of CLKR and must sample FSR high at 
least once. Therefore, CLKOUT cannot be 
directly used for CLKR because CLKOUT only 
occurs when data is output, which is one cycle 
too late. Part of the interface logic creates a 
synchronous clock, CLKR, which is in phase 
with CLKOUT. 

Second, the CS215316 uses a modulo-2 counter 
internally. This counter is half the frequency of 
CLKIN and generates DATA and CLKOUT 
Since the phase of the internal clock is indeter- 
minant, a random FSYNC could occur during 



either phase of the internal clock. The 
TMS32020 requires FSR (FSYNC) to transition 
in the low half-cycle of CLKR (derived from 
CLKOUT). Therefore, part of the interface logic 
synchronizes FSYNC to CLKR low. 

Circuit Description 

The oscillator block shown on page 25 must out- 
put a clock in accordance with the specifications 
for CLKIN in the CSZ5316 Data Sheet. 

The interface logic block consists of three IC's 
and generates the control signals needed by the 
CSZ5316 and the TMS32020 serial interface. 
The IC's depicted in the diagram are "74HCT" 
CMOS which are quieter than "74LS" logic and 
are TTL compatible, but the latter will also work. 

The schematic diagram shown below is the 
entire interface for the CSZ5316-to-TMS32020 
interface. The circuit takes the master clock, 
CLKIN, and inverts it using one of the NOR 
gates. This is fed into the binary counters 
(HCT393) to produce a clock frequency of 
CLKIN divided by 256. 



CLKOUTc=>- 

/ 

(fromCSZ5316) 
(from oscillator) 

CLKINo- 



— ¥^^^V 



1/2 

D Q 

HOT 
74 

b Q 



^> 



1/2 

HOT 
393 

Q4 



-o CLKR 



-<> 



1/2 

HOT 
393 

Q4 



1/2 

D Q> 

HOT 
74 

I> Q 



-o FSR 



B 



\ 

(to TMS32020) 
(toCSZ5316) 

/ 

-o FSYNC 



GSZ5316-to-TMS32020 Interface 
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The D flip-flop (HCT74) labeled "A" generates a 
continuous clock, and the NOR gate on the input 
forces the synchronous clock to the same phase 
as CLKOUT. Once the synchronous clock, 
CLKR, is in phase with CLKOUT it will stay 
that way. 

The D flip-flop labeled "B" synchronizes the 
output of the binary counters to the rising edge 
of CLKIN (the falling edge of CLKIN) but 
the NOR gate might delay that operation 
one CLKIN cycle if CLKR isn't low. This 
synchronizes FS YNC and FSR to CLKR low. 

Timing 

The diagram below illustrates the timing 
generated by the interface logic. On startup, two 
extra FSYNC cycles are needed to produce valid 
data. 



CLKIN _rLrL^_n^LJiJTJTrLrLrTJTjari^TJiJi^ij~LrLrLrL_ 




Note: Circuit guarantees: 1 . FSR falls in the center of CLKR low 

2. Data starts on the next rising edge of CLKR 

CSZ5316 to TMS32020 Interface Timing 




AN3REV2 



11-27 



CSZ5316 



Notes 



11-28 AN3REV2 



Semiconductor Corporation 



CS61 534/74 



Application Note 



CS61534 Design Guidelines to Insure 
Compatibility with the CS61574 

by Bob Bridge and Roger Taylor 



NORMALIZED 
AMPLITUDE 



-0.5 - 



AT&T TA-34 
SPECIFICATION 




500 750 

TIME (nanoseconds) 




OCT '87 
AN5REV1 



Crystal Semiconductor Corporation 

P.O. Box 17847, Austin, Texas 78760 
(512)445-7222 TWX:91 0-874-1 352 



CS61 534/74 



CS61534 DESIGN GUIDELINES TO INSURE 
COMPAT ABILITY WITH CS61574 



The following guidelines should be considered during board design for the CS61534 to facilitate 
changing to the 61574 when it becomes available. 



1. LINE LENGTHS: 

In the CS61574, Hne lengths, LEN2/1/0 = 001 
and LEN2/1/0 = 010 will be changed to 
provide additional ABAM pulseshapes. The 
simplest migration path results when those set- 
tings are not used in the CS61534. 

2.HOSTMODE: 

The CS61574 host mode has more 
functionality than the CS61534 host mode, but 
they are compatible, provided the codes 101, 
110, and HI for bits 5, 6, and 7 are not used 
These codes will have specific functions in the 
CS61574. 

In the CS61534, the WT pin stays low as long 
as a fault condition exists (e.g., LOS, DPM), 
and can not be cleared over the serial interface. 
In the CS61574, ffJT goes low whenever DPM 
or LOS changes state, and can be cleared using 
the serial interface. 



4.L0SS OF SIGNAL TEST: 

The CS61534 determines loss of signal as 
either 32 zeroes in a row, or decay of the peak 
signal (low amplitude signal for about 200 bit 
periods). The CS61574 uses just the "decay" 
test. 

5 JITTER ATTENUATION: 

Note that the jitter attenuator in the CS61534 is 
moved to the recieve path on the CS61574 and 
is a more powerful circuit. 

6.RECOVERED CLOCK 
UPON LOSS OF SIGNAL: 

Upon LOS, the CS61574 RCLK frequency will 
assume the center frequency of the external 
crystal (or ACKLI if present). This is in con- 
trast to the CS61534 where RCLK could drift 
6% upon LOS. 



To select RLOOP on the CS61534, it is recom- 
mended that code 100 be used, rather than 101 
(which can be used since RLOOP overrides 
TAOS). 

3. EXTERNAL CRYSTAL I 
ALTERNATE CLOCK: 

To maintain board compatibility from the 
CS61534 to the CS61574, an external crystal 
should be used and the ACKLI input should 
either be tied to an external clock or tied to 
ground. Overdriving a crystal input of the 
CS61574 with a four-times clock is not sup- 
ported. 
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Concept of Reliability 

In general terms, the reliability of a semiconduc- 
tor device is defined as the measure of the func- 
tional stability of the device with respect to time. 
Expressed in more quantitive sense, it is the 
probability that the device will operate with a 
specified performance over a specified period of 
time under a given set of conditions. 

Reliability characteristics are usually stated in 
reverse terms as the loss of ability to function, or 
failure rate. The reliability performance of a 
device can be best summarized by the reliability 
life or "bathtub" curve (Fig. 1). The reliability 
performance is characterized by three phases: in- 
fant mortality, useful life or random failure 
period, and wearout. Infant mortality failures can 
be reduced by proper manufacturing controls and 
screening techniques. The useful life period is 
typically a long period of time where only oc- 
casional random failures occur. During this time 
the failure rate is usually very low. The final 
period, wearout, is that in which the device fails 
due to continuous phenomena that existed at the 
time of manufacture. Using proper design 
guidelines and device application, this period is 



shifted well beyond the lifetime required by the 
user. 

Failure Rate Calculations 

Failures during typical reliability stressing 
generally are in the infant mortality and random 
failure sections of the "bathtub" curve. These 
failures can be stated in their accelerated stress 
condition term or they can be derated to actual 
operating conditions by commonly accepted 
mathematical models. 

Environmental stresses, such as autoclave, 
temperature cycling, thermal shock, storage life 
and 85 °C/85% R.H., usually have their failure 
rate expressed in accelerated condition terms, 
due to the lack of widely recognized derating 
models. These are usually expressed as 
% failure/stress time. An example of this would 
be a temperature cycling failure rate expressed as 
% / 1000 cycles. These failure rates should have 
a confidence level associated with the data given. 
For environmental stresses. Crystal publishes 
data with a 90% confidence level. To calculate 
this failure rate with confidence levels, the fol- 
lowing calculations are made: 



Reliability Life 
( Bathtub ) Curve 



Infant Mortality 
Failures 



Random 
Failures 



Wearout 
Failures 



Operating Life • 



Figure 1 



f. 



'a^ Z 



'/ 



<a(l-<a ) 



n 



EQ.#1 



Where: f c » failure rate with confidence level 
fa « actual observed failure rate 
n m number of sample stressed 
Z s value of the standard normal probability 
distribution associated with the desirea 
confidence level 



This calculation is based on binomial probability 
statistics. As can be seen in the equation, the 
sample size is a key contributor in determining 
the difference in the actual failure rate and that 
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of the failure rate with the desired confidence 
leveL 

Operating life usually is reported in the derated 
form. Failure rates for other temperatures are cal- 
culated using a computed acceleration factor. 
The thermal acceleration factor (AF) is related to 
the thermal activation energy (EA) by the Ar- 
rhenius relationship: 



TABLE 2 

ACCELERATED FACTORS FOR DIFFERENT ACTIVATION ENERGII 

125°C->70°C 



E.A. 


ACCELERATION FACTOR 


1.0 


106.0 


.9 


66.7 


.8 


41.7 


.7 


26.3 


.6 


16.4 


.5 


10.3 


.4 


6.5 


.3 


4.1 





~>T2) 


-EA(4i- F2 ) EQ.#2 


AF(T1 


= e ^ 


Where: 


AF 


= acceleration factor 




EA 


= thermal activation energy (eV) 




k 


= Boltzman's constant (8.63 E -5 eV / K) 




T1 


» test junction temperature (K) 




T2 


= desired junction temperature (K) 



It should be noted that junction temperature 
should be used in determining acceleration fac- 
tors. This temperature can be obtained from Eq. 

#3. 



TJ 



Where: 



TA+ OjA *PD 



EQ.#3 



TJ 
TA 

OjA 

PD 



junction tenfiperature (0) 
ambient temperature (0) 
package thermal dissipation (0 / watt) 
device power dissipation (watts) 



Table 2 compares acceleration factors for dif- 
ferent activation energies. As you can see using a 
1.0 eV activation energy versus a .7 eV activa- 
tion energy results in a factor of four increase in 
the acceleration factor. Crystal takes the conser- 
vative approach, using an activation energy of .7 
eV. Table 3 compares acceleration factors for 
different operating temperatures. This shows 
how derating to a lower temperature or using 
ambient temperature can greatly affect the ac- 
celeration factor of Arrhenius equation. Using 
ambient temperatures instead of junction 
temperature can affect acceleration factors by a 
multiple of about three on a high power device. 



TABLE 3 

ACCELERATION FACTORS FOR DIFFERENTTEMPERATURES 

E.A. = .7eV 



TEMPERATURE CHANGE 


ACCELERATION FACTOR 


125->70OC 


26.3 


125~>550C 


77.5 


125~>250C 


933.0 


204->149OC 


9.2 (Note 1) 



Note 1 : This equivalent to an ambient temperature 

change from 125 ->70^ on a 40 pin ceramic 
device with a power dissipation of 1 Watt 



Three items play an important part in determin- 
ing the final acceleration factor and must be con- 
sidered when comparing derated failure rates. 
They are : 1) activation energy used, 2) derated 
from actual junction temperature vs. ambient 
temperature and 3) derated operating tempera- 
ture. 



There are many probability models used in 
reliability analysis. The WeibuU distribution is 
often used for product life prediction because it 
can describe increasing and decreasing failure 
rates. Also the Weibull distribution has both a 
shape parameter (B) and a scaling parameter (a). 
This is very useful in accurately describing the 
shape and scaling of the "bathtub" tub. 
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h(t) = J?. t^'"'' EQ.#4 



The Weibull cumulative distribution function for 
population failing by time t is: 



Integration of the Weibull hazard function, fac- 
toring for conversion to failure rate in fits 
(failure per billion device hours) and factoring 
for Arrhenius acceleration factors will result in 
the following failure rate equation: 



F(t)« 1-6 ' ^ ' = 1-R(t) 



EQ. #5 



Where: t « 

a » 

B « 

F(t) . 

R(t) = 

h(t) = 



time 

alpha - the Weibull scale parameter 

beta - the Weibull shape parameter 

the failure distribution function 

the reliability function 

the instantaneous failure rate 



The function F(t) and R(t) are shown in Fig. 2. 



The Weibull PDF 



f(t)= B(t)B-i ;^S 




Figure 2 



Mathematically these functions are described : 



F(t) = 



R(t) = 



f(t) dt 



f(t) dt 



EQ. #6 



EQ. #7 



F.R.= 



10 



t2-t1 






EQ.#8 



1 2 = time 2 

t1 =tlme1 

F.R. = Failure Rate in Fits 

To correctly solve for the failure rate we must 
have a value for the shape parameter (B) and the 
scale parameter (a). To do this we twice take the 
natural logarithm of Eq. #5 above and obtain: 



In In 
1 -F(t) 



B In ( t ) - I n ( a ) 



EQ.#9 



This equation takes the slope intercept form 

y = Bx + 1 

wherey = lnln(l/l-F(t)) 

X = In t 

B = slope of the line 

I = hi a = y -intercept. 

Using linear regression techniques or Weibull 
plotting paper, we can obtain the shape 
parameter (B) and the scale parameter (a) by: 



B = Slope 
a = e-l 




where f(t) = failure rate probability distribution function 
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For B = 1, the WeibuU distribution is the ex- 
ponential distribution. In practice very few 
products have B = 1. Most semiconductor 
devices have a beta of less than 1 indicating the 
steep slope of the "bathtub" slope. A beta of 
greater than 1 indicates that the failure rate in- 
creases with age. Fig. 2 gives shape of the 
WeibuU distribution for different B values. 

A confidence level must also be placed on this 
data. This is done by placing a confidence level 
on the scaling parameter(a) using chi-square 
statistics. The equation below gives the formula 
for obtaining this transformation: 



a(%C.L.) -a{ 2r /x (C ; 2 r + 2 ) } 
r » number of rejects in sample 



EQ. #10 



X (C ; 2 r + 2 ) = the c percentile of the chi-square 
distribution with (2r + 2) degree of freedom. 



Some devices may be stressed at an even higher 
voltage level, to further stress the oxides of the 
device. All devices used in life stressing are 
sampled directly from the production flow with 
no special processing or pre-screening. Stressing 
is performed per mil STD 883, method 1015 and 
condition D (dynamic signals) . These dynamic 
conditions simulate as much as possible actual 
operating conditions in an application. 

Both infant mortality operating life stress (168 
HRS) and long term operating life (typically 
1000 HRS) are reported. Infant mortality life 
simulates approximately 6-8 months in the field 
at 70 °C and is reported as % I 168 HRS. Long 
term life simulates the total failure rate in the 
field and is expressed in FITs. (failures in time) 1 
FIT = 1 failure per billion device hours. Derating 
of long term operating life is done using Ar- 
rhenius thermal equations along with Weibull 
statistics. A 60% upper confidence limit (UCL) 
and .7 electron Volts (eV) activation energy are 
used in this calculation. 



These chi-squared percentile are tabulated in 
most statistics books. On operating life stresses. 
Crystal uses a 60% confidence level in reporting 
the failure rate. These failure rates are derated to 
70°C,55°Cand25°C. 

In summary, Crystal semiconductor uses conser- 
vative models that are accepted throughout the 
semiconductor industry to determine the 
reliability failure rates of their devices. 

Accelerated Operating Life Stress 

Accelerated operating life stressing is performed 
to accelerate failure mechanisms, which are ther- 
mally activated, through the appHcation of ex- 
treme temperature and dynamic biasing condi- 
tions. The typical temperature and voltage condi- 
tions used in the stress are 125 °C with a bias 
level at the maximum data sheet specifications. 



85 ''CI85%RM. 

85 °C/ 85% RH is an enviromental stress per- 
formed at a temperature of 85 °C and a relative 
humidity of 85%. The test is designed to 
measure the moisture resistance of plastic encap- 
sulated devices. A nominal vdltage static bias is 
applied, with minimum bias consumption, to the 
device, to create the electrolytic corrosion ac- 
celeration of the metallization. Failures are ex- 
pressed in % / time with 168, 500 and 1000 hour 
results reported. 

Autoclave 

Autoclave is also an enviromental stress which 
measures the moisture resistance of plastic en- 
capsulated devices. Conditions for this test are a 
temperature of 121 °C and 100% relative 
humidity and 2 atmosphere of pressure (15 
PSIG), with no bias applied to the circuit. Cor- 
rosion of the die is the expected failure 
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mechanism. Stressing is usually performed for 
144 hours. Failures are expressed in % / time 
with 48, 96 and 144 hour results reported. 

Temperature Cycling 

Temperature cycling typically accelerates the ef- 
fects of thermal expansion mismatch among the 
different components within a specific package 
and circuit. The stress is performed per MIL 
STD 883, method 1010 and condition C. (-65 °C 
to +150 °C). Stressing is done in an air enviro- 
ment. A cycle consists of ten minutes at -65 °C, 
five minutes transfer time, and ten minutes at 
+150 X. Stressing is typically performed for 
1000 cycles. Failures are expressed in % / cycles, 
with 100, 500 and 1000 cycle results reported. 

Thermal Shock 

The objective of thermal shock is basically the 
same as that of temperature cycling to exercise 
the difference in thermal expansion coefficients 
in the integrated circuit system. Thermal Shock 
provides additional stress as the device is ex- 
posed to a rapid change in temperature, due to a 
maximum transfer time of ten seconds, as well as 
the increased thermal conductivity of a liquid en- 
vironment. This test is performed per MIL STD 
883, Method 1011, Condition B (-55 °C to +125 
°C). Devices are placed in a fluorocarbon bath 
cooled to -55 °C for five minutes, then trans- 
ferred to an adjacent bath filled with fluorocar- 
bon at 125 °C for five minutes. This is equal to 
one cycle of thermal shock. Stressing is per- 
formed for 500 cycles. Failures are expressed in 
% / cycles, with results reported at 100, 200 and 
500 cycles. 

High Temperature Storage Life 

Storage life is an environmental stress where 
temperature is the only stress. Stressing is per- 
formed per MIL STD 883, Method 1008, Condi- 
tion C. (150 °C) Stressing is performed to 1000 



hours. Failures are expressed in % / hours, with 
results reported at 100, 500 and 1000 hours. 

Electrostatic Discharge Testing 

Electrostatic discharge testing is performed to 
determine the handling sensitivity of a semicon- 
ductor device. This test is performed per MIL 
STD 883, Method 3015 which simulates the 
resistance (1500 Q) and capacitance (150 
picofarads) of the human body. 

CMOS Latchup Testing 

CMOS latchup testing is performed to ascertain 
the sensitivity of a devivce input to sustain a 
SCR latchup due to a DC current. The pin being 
tested has a DC current forced to it with the 
device power supplies at nominal voltage and in- 
puts at ground state. Susceptibility of each input 
is tested with both a negative and positive cur- 
rent forced to it. 
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DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


14.73 


15.34 


0.580 


0.604 


B 


27.64 


33.53 


1.088 


1.320 


C 


2.54 BBC 


0.100 BBC 1 


D 


0.76 


1.40 


0.030 


0.055 


E 


0.38 


0.53 


0.015 


0.021 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.67 


4.32 


0.105 


0.170 


H 


2.54 


4.57 


0.100 


0.180 


J 


- 


lO'' 


- 


10** 


K 


14.99 


15.49 


0.590 


0.610 


L 


0.20 


0.30 


0.008 


0.012 




DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


14.73 


15.34 


0.580 


0.604 


B 


35.20 


35.92 


1.386 


1.414 


C 


2.54 BBC 


0.100 BBC 1 


D 


0.76 


1.40 


0.030 


0.055 


E 


0.38 


0.53 


0.015 


0.021 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.79 


4.32 


0.110 


0.170 


H 


2.54 


4.57 


0.100 


0.180 


J 


- 


lO'' 


- 


10° 


K 


14.99 


15.49 


0.590 


0.610 


L 


0.20 


0.30 


0.008 


0.012 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


14.63 


15.49 


0.576 


0.610 


B 


50.29 


51.31 


1.980 


2.020 


C 


2.54 BBC 


0.100 BBC 1 


D 


0.76 


1.52 


0.030 


0.060 


E 


0.38 


0.53 


0.015 


0.021 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.79 


4.32 


0.110 


0.170 


H 


2.54 


4.57 


0.100 


0.180 


J 


- 


10° 


- 


10° 


K 


14.99 


15.65 


0.590 


0.616 


L 


0.20 


0.30 


0.008 


0.012 



12-8 



MD1 



MECHANICAL DATA 



A A A A A A A 



14 

.1 



V V V V V V V 




14 pin 
CerDIP 




FTT H 

-^ WMK^SEATING 
^ ° ^ PLANE 
NOTES: 

1 . POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 
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DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


6.10 


7.49 


0.240 


0.295 


B 


19.05 


19.94 


0.750 


0.785 


C 


2.54 


BSC 


0.100 BSC 1 


D 


1.40 


1.78 


0.055 


0.070 


E 


0.38 


0.53 


0.015 


0.021 


F 


0.51 


1.02 


0.020 


0.040 


G 


3.81 


5.08 


0.150 


0.200 


H 


2.92 


4.32 


0.115 


0.170 


J 


- 


15° 


- 


15° 


K 


7.62 BSC 


0.300 BSC 


L 


0.20 1 0.30 


0.008 1 0.012 
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DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


6.10 


7.49 


0.240 


0.295 


B 


19.05 


19.94 


0.750 


0.785 





2.54 


BSC 


0.100 BSC 1 


D 


1.40 


1.78 


0.055 


0.070 


E 


0.38 


0.53 


0.015 


0.021 


F 


0.51 


1.02 


0.020 


0.040 


G 


3.81 


5.08 


0.150 


0.200 


H 


2.92 


4.32 


0.115 


0.170 


J 


- 


15° 


- 


15° 


K 


7.62 BSC 


0.300 BSC 


L 


0.20 1 0.30 


0.008 1 0.012 
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2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEL 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


6.10 


7.49 


0.240 


0.295 


B 


22.35 


23.11 


0.880 


0.910 


C 


2.54 BSC 


0.100 BSC 1 


D 


1.40 


1.78 


0.055 


0.070 


E 


0.38 


0.53 


0.015 


0.021 


F 


0.51 


1.02 


0.020 


0.040 


G 


3.81 


5.08 


0.150 


0.200 


H 


2.92 


4.32 


0.115 


0.170 


J 


0° 


15° 


0- 


15° 


K 


7.62 BSC 


0.300 BSC 


L 


0.20 1 0.30 


0.008 1 0.012 



MD1 



12-9 



K^^S 



MECHANICAL DATA 



AAA^A.<I.^A.ll.A 



J ly 



20 pin 
CerDIP 




SEATING 
PLANE 



-H HMk 
C D E 

NOTES: 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEL 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


6.60 


7.49 


0.260 


0.295 


B 


23.88 


25.15 


0.940 


0.990 





2.54 


BSC 


0.100 BSC 1 


D 


1.40 


1.65 


0.055 


0.065 


E 


0.38 


0.56 


0.015 


0.022 


F 


0.25 


1.02 


0.010 


0.040 


G 


3.81 


5.08 


0.150 


0.200 


H 


2.92 


4.06 


0.115 


0.160 


J 


0° 


15° 


0" 


15** 


K 


7.62 BSC 


0.300 BSC 


L 


0.20 1 0.30 


0.008 1 0.012 



24 13 



o1 12 

■u"ii"u"ii"ii"ii"u"ii'V'u'VV 



T 

A 

I 



24 pin 
CerDIP 



immfMn 



-H HMK 
C D E 



JW 



fk i^ 



SEATING 
NOTES: PLANE 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEL. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


12.70 


15.49 


0.500 


0.610 


B 


31.24 


32.77 


1.230 


1.290 


C 


2.54 


BSC 


0.100 BSC 1 


D 


1.27 


1.52 


0.050 


0.060 


E 


0.41 


0.51 


0.016 


0.020 


F 


0.51 


1.27 


0.020 


0.050 


G 


4.06 


5.59 


0.160 


0.220 


H 


2.92 


4.06 


0.115 


0.160 


J 


O** 


15° 


0° 


15° 


K 


15.24 BSC 


0.600 BSC 


L 


0.20 0.30 


0.008 1 0.012 



28 15 



o1 14 

V W V V V Si'WSi'VVWV'ii' 



tmmm&^ 



28 pin 
CerDIP 



SEATING 
PLANE 



fk L"^ 



H HMk 
C D E 

NOTES: 

1 . POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEL. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


12.70 


15.37 


0.500 


0.605 


B 


36.45 


37.85 


1.435 


1.490 


C 


2.54 


BSC 


0.100 BSC 1 


D 


1.27 


1.65 


0.050 


0.065 


E 


0.38 


0.56 


0.015 


0.022 


F 


0.51 


1.27 


0.020 


0.050 


G 


4.06 


5.84 


0.160 


0.230 


H 


2.92 


4.06 


0.115 


0.160 


J 


5° 


15° 


5° 


15° 


K 


15.24 BSC 


0.600 BSC 


L 


0.20 0.30 


0.008 1 0.012 



12-10 



MD1 



MECHANICAL DATA 



40 21 



o1 20 

VVV'ii'VWVV'u"u'V'u"ii'VVVW»tt"ii'V 



40 pin 
CerDIP 



t^ 



"mmmmmM^ ^ 



SEATING 
PLANE 



C D E 

NOTES: 

1 . POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

2. DIMENSION K TO CENTER OF LEADS WHEN FORMED PARALLEL. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


12.70 


15.37 


0.500 


0.605 


B 


50.29 


52.57 


1.980 


2.070 


C 


2.54 BSC 


0.100 BSC 1 


D 


1.27 


1.65 


0.050 


0.065 


E 


0.38 


0.56 


0.015 


0.022 


F 


0.51 


1.27 


0.020 


0.050 


G 


4.06 


5.84 


0.160 


0.230 


H 


2.92 


4.06 


0.115 


0.160 


J 


5*^ 


15° 


5'' 


15** 


K 


15.24 BSC 


0.600 BSC 


L 


0.20 0.30 


0.008 1 0.012 



f\ /\ f^ /S fS fly fS 



,14 8 

\l 7 



-I H H MW 
C D E F SEATING 
PLANE 



14 pin 
Plastic DIP 




NOTES: 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


6.10 


6.60 


0.240 


0.260 


B 


18.54 


19.56 


0.730 


0.770 





1.65 


2.16 


0.065 


0.085 


D 


2.54 BSC 


0.100 BSC 1 


E 


1.02 


1.78 


0.040 


0.070 


F 


0.38 


0.53 


0.015 


0.021 


G 


0.51 


1.02 


0.020 


0.040 


H 


3.81 


5.08 


0.150 


0.200 


J 


2.92 


3.43 


0.115 


0.135 


K 


0° 


10° 


0° 


10° 


L 


7.62BSC 


0.300BSC 


M 


0.20 1 0.38 


0.008 0.015 



i^r^i^i^f^i^rti^ 



16 
o1 8 




-H H HMk 
C D E F SEATING 
PLANE 



16 pin 
Plastic DIP 



NOTES: 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


6.10 


6.60 


0.240 


0.260 


B 


18.80 


19.30 


0.740 


0.760 





1.32 


2.89 


0.015 


0.035 


D 


2.54 BSC 


0.100 BSC 1 


E 


1.02 


1.78 


0.040 


0.070 


F 


0.38 


0.53 


0.015 


0.021 


G 


0.51 


1.02 


0.020 


0.040 


H 


3.81 


5.08 


0.150 


0.200 


J 


2.92 


3.43 


0.115 


0.135 


K 


0° 


10° 


0° 


10° 


L 


7.62BSC 


0.300BSC 


M 


0.20 1 0.38 


0.008 0.015 



MD1 



12-11 



MECHANICAL DATA 



18 10 

»1 9 

■ii'Vi"ii"u"u"u"u"u"ii' 



l-H 

J 



-A H HMk I 
C D E F SEATING 
PLANE 



18 pin 
Plastic DIP 



ih K/,4 



NOTES: 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION. IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


6.10 


6.60 


0.240 


0.260 


B 


22.22 


23.24 


0.875 


0.915 





1.02 


1.52 


0.040 


0.060 


D 


2.54 BSC 


0.100 BSC 1 


E 


1.27 


1.78 


0.050 


0.070 


F 


0.36 


0.56 


0.014 


0.022 


G 


0.51 


1.02 


0.020 


0.040 


H 


3.56 


4.57 


0.140 


0.180 


J 


2.92 


3.43 


0.115 


0.135 


K 


0** 


15° 


O'' 


15'' 


L 


7.62BSC 


0.300BSC 


M 


0.20 1 0.38 


0.008 1 0.015 



J\/\fli,^Ai^fltfli^fii 



j20 11 

%1 10 



C D E F 



wmm" 



SEATING 
PLANE 



20 pin 
Plastic DIP 






NOTES: 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL, 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


6.10 


6.60 


0.240 


0.260 


B 


25.65 


26.42 


1.010 


1.040 





1.27 


1.78 


0.050 


0.070 


D 


2.54 BSC 


0.100 BSC 1 


E 


1.27 


1.78 


0.050 


0.070 


F 


0.38 


0.56 


0.015 


0.022 


G 


0.51 


1.02 


0.020 


0.040 


H 


3.94 


4.57 


0.155 


0.180 


J 


2.79 


3.56 


0.110 


0.140 


K 


0° 


15** 


0° 


15° 


L 


7.62BSC 


0.300BSC 


M 


0.20 1 0.38 


0.008 1 0.015 



it 



/\/SPi^flyA/\i^^/\ 



WWW WWW 



24 pin 
Plastic 
Skinny DIP 




C D E F 



SEATING 
PUNE 






NOTES: 

1 . POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


6.10 


6.60 


0.240 


0.260 


B 


31.37 


32.13 


1.235 


1.265 





1.65 


2.16 


0.065 


0.085 


D 


2.54 BSC 


0.100 BSC 1 


E 


1.02 


1.52 


0.040 


0.060 


F 


0.36 


0.56 


0.014 


0.022 


G 


0.51 


1.02 


, 0.020 


0.040 


H 


3.94 


4.57 


0.155 


0.180 


J 


2.92 


3.43 


0.115 


0.135 


K 


0° 


15° 


0° 


15° 


L 


7.62 


BSC 


0.300 BSC 


M 


0.20 


0.38 


0.008 1 0.015 



12-12 



MD1 



MECHANICAL DATA 



AAAAAAAAJVAAA 



24 



13 



12 



VHi"m'VVVSi"ii'VVVV 



24 pin 
Plastic DIP 






C D E F 



SEATING 
PLANE 






ivr*" 



NOTES: 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 



Dll\/I 


MILLIMETERS 


INCHES 


MIN MAX 


MIN MAX 


A 


13.72 14.22 


0.540 0.560 


B 


31.37 32.13 


1.235 1.265 





1.65 2.16 


0.065 0.085 


D 


2.54 


BSC 


0.100 BSC 


E 


1.02 


1.52 


0.040 


0.060 


t= 


0.36 


0.56 


0.014 


0.022 


G 


0.51 


1.02 


0.020 


0.040 


H 


3.94 


6.08 


0.155 


0.200 


J 


2.92 


3.43 


0.115 


0.135 


K 


0- 


15- 


0- 


15' 


L 


15.24 BSC 


0.600 BSC 


IVI 


0.20 1 0.38 


0.008 1 0.015 



Al^l^r^.»■■^l^l»ll^l^v^l^ i^,„a 



28 



15 



o1 14 

Si"ii"ii'V'u'VSi"ii'V'ii"ti'Vi"ii"ii ' 



I 



28 pin 
Plastic DIP 



tmmmk 



C D E F 



r-'-~i 

p\ 



SEATING 
PLANE 



NOTES: 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


13.72 


14.22 


0.540 


0.560 


B 


36.45 


37.21 


1.435 


1.465 


C 


1.65 


2.16 


0.065 


0.085 


D 


2.54 BSC 


0.100 BSC 1 


E 


1.02 


1.52 


0.040 


0.060 


F 


0.36 


0.56 


0.014 


0.022 


G 


0.51 


1.02 


0.020 


0.040 


H 


3.94 


5.08 


0.155 


0.200 


J 


2.92 


3.43 


0.115 


0.135 


K 


0** 


15° 


0» 


15'' 


L 


15.24 BSC 


0.600 BSC 


M 


0.20 1 0.38 


0.008 1 0.015 



afti^fli^i^HSftrtAi^i^A.^.^rtrtrtrti^ 



40 



21 



oi 20 

WWVVVWVSi'VSi'Si'VSi'Hi'VW 



40 pin 
Plastic DIP 



immmmmM" 



SEATING 
PLANE 



^L^ 



Mui lIjl. 
C D E F 

NOTES: 

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN MAX 


A 


13.72 


14.22 


0.540 0.560 


B 


51.69 


52.45 


2.035 2.065 





1.65 


2.16 


0.065 0.085 


D 


2.54 BSC 


0.100 BSC 


E 


1.02 


1.52 


0.040 


0.060 


F 


0.36 


0.56 


0.014 


0.022 


G 


0.51 


1.02 


0.020 


0.040 


H 


3.94 


5.08 


0.155 


0.200 


J 


2.92 


3.43 


0.115 


0.135 


K 


O** 


15° 


0° 


15P 


L 


15.24 BSC 


0.600 BSC 


M 


0.20 1 0.38 


0.008 0.015 



MD1 



12-13 



MECHANICAL DATA 



NO. OF 
TERMINAL 


A 

MIN MAX 


B 
MIN MAX 


C 

MIN MAX 




28 


12.32 12.57 
(0.485) (0.495) 


11.43 11.58 
(0.450) (0.456 ) 


9.91 10.92 
(0.390) (0.430) 


44 


17.40 17.65 
(0.685) (0.695) 


16.51 16.66 
(0.650) (0.656) 


14.98 16.00 
(0.590) (0.630) 



4.62(0.182) 



1.27(0.050) 
x45deg.NOM 



28/44 pin 
PLCC 



0.25 (0.010) R 
MAX "\ 




I B A 



O 



1.14 (0.045) x45deg. 

Q NOM 

A 




3* NOM 



ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 



12-14 



MD1 



SALES REPRESENTATIVES 



UNITED STATES 



WESTERNAREA 

Crystal Semiconductor Corp. 
51 East Campbell Ave. 
Suite lOlB 
Campbell, CA 95008 
Ph: 408-866-4456 
FAX: 408-370-3155 



CENTRALAREA 

Crystal Semiconductor Corp. 

2401 East Randol Mill Rd. 

Suite 100 

Arlington, Texas 76011-6388 

Ph: 817-640-5641 

FAX: 817-649-1324 



EASTERNAREA 

Crystal Semiconductor Corp. 
The Musgrove Building 
Two Ehn Square 
Andover,MA 01810 
Ph: 617-470-1490 
FAX: 617-470-0499 



ALABAMA 

The Novus Group 

2905 Westcoip Blvd., Suite 120 

Huntsville,AL 35805 

Ph: 205-534-0044 

TWX: 910-380-6329 

EasyUnk: 62849023 

ALASKA 

Electronic Engineering Sales 
17020 S.W. Upper Boones Ferry Rd., 
Suite 301 

Portland, OR 97224 
Ph: 503-639-3978 
FAX: 503-684-3326 



ARIZONA 

Luscombe Engineering Company 
7533 East First Street 
Scottsdale,AZ 85251 
Ph: 602-949-9333 
TWX: 910-950-1333 
FAX: 602-949-9095 

ARKANSAS 

TL Marketing, Inc. 

12200 Stemmons Frwy, Suite 3 17 

Dallas, TX 75234 

Ph: 214-484-6800 

TWX: 910-681-4149 

Telex: 853683 

FAX: 214-241-9315 



CALIFORNIA 

Earle Associates, Inc. 
7585 Ronson Road, Suite 200 
San Diego, CA 92111 
Ph: 619-278-5441 
Telex: 314285 
TWX: 910-335-1585 
FAX: 619-278-5443 
Easylink: 62835672 

Bager Electronics 

17220 Newhope St., Suite 209 

Fountain Valley, CA 92708 

Ph: 714-957-3367 

FAX: 714-546-2654 

TWX: 910-596-2638 

Bager Electronics 

21133 Victory Blvd., Suite 225 

CanogaPark, CA 91303 

Ph: 818-712-0011 

FAX: 818-712-0060 

NORCOMP 
3350 Scott Blvd., #24 
Santa Clara, CA 95054 
Ph: 408-727-7707 
FAX: 408-986-1947 

NORCOMP 
6600 Shady Lake Lane 
Loomis, CA 95650 
Ph: 916-652-0077 
FAX: 916-652-0077 



COLORADO 

Candal, Inc. 

7500 W. Mississippi Ave, Ste. A-2 

Lakewood, CO 80226 

Ph: 303-935-7128 

FAX: 303-935-7310 

TWX: 703771 



CONNECTICUT 

Alpha-Omega Sales Corp. 
10-G Roessler Road, Suite 502 
Wobum,MA 01801 
Ph: 617-933-0237 
TWX: 910-997-1119 

Alpha-Omega Sales Corp. 

76 Chapin Rd. 

P.O. Box 1514 

North Milfoid,CT 06776 



DELAWARE 

Vantage Sales Company 
1930 E.Marlton Pike 
Cherry Hill, NJ 08003 
Ph: 609-424-6777 
FAX: 609-424-8909 



DISTRICT OF COLUMBIA 

New Era Sales, Inc. 
678 Ritchie Highway 
SevemaPaik,MD 21146 
Ph: 301-544-4100 
ELN: 62796162 



SRL1.1 



12-15 



FLORIDA 

CM Marketing, Inc. 

1435-D Gulf to Bay Boulevard 

Clearwater, FL 33515 

Ph: 813-443-6390 

FAX: 813-443-6312 

CM Marketing, Inc. 
2111 E. Michigan, Suite 101 
Orlando, FL 32806 
Ph: 305-841-7423 

CM Marketing, Inc. 
6091-A Buckeye Court 
Tamarac,FL 33319 
Ph: 305-722-9369 



GEORGIA 

The Novus Group 
4556 Canda Drive 
Lilbum, GA 30247 
Ph: 404-381-1015 
TWX: 910-380-6330 
EasyUnk: 62849042 

HAWAII 

Call Crystal Head Office 
Ph: 512-445-7222 



IDAHO 

Anderson Associates 

270 South Main Street, Suite 108 

Bountiful, UT 84010 

Ph: 801-292-8991 

Telex: 7149911594 

Electronic Engineering Sales 
17020 S.W. Upper Boones Ferry Rd, 
Suite 301 

Portland, OR 97224 
Ph: 503-639-3978 
FAX: 503-684-3326 



ILLINOIS 

Micro Sales Inc. 
54 West Seegers Road 
Arlington Heights, IL 60005 
Ph: 312-956-1000 
TWX: 910-222-1833 



INDIANA 

JMK Electronics 
P.O. Box 43193 
6547 Willowhollow Lane 
Cincinnati, OH 45243 
Ph: 513-271-3860 
FAX: 513-271-6321 



IOWA 

Seltec Sales Corp. 
316 2nd St., S.E., Suite 416 
Cedar Rapids, lA 52406 
Ph: 319-364-7660 
FAX: 319-364-7906 



KANSAS 

Contact Crystal Central Office 
Ph: 817-640-5641 



KENTUCKY 

JMK Electronics 
P.O. Box 43193 
6547 Willowhollow Lane 
Cincinnati, OH 45243 
Ph: 513-271-3860 
FAX: 513-271-6321 



LOUISIANA 

TL Marketing, Inc. 
810Hwy6,Suitel20 
Houston, Texas 77079 
Ph: 713-589-2763 
TWX: 510-601-8351 
Telex: 989475 
FAX: 713-496-9311 



MAINE 

Alpha-Omega Sales Corp. 
10-G Roessler Road, Suite 502 
Wobum,MA 01801 
Ph: 617-933-0237 
TWX: 910-997-1119 



MARYLAND 

New Era Sales, Inc. 
678 Ritchie Highway 
SevemaPark,MD 21146 
Ph: 301-544-4100 
ELN: 62796162 



SALES REPRESENTATIVES 

MWHHWMlWHtfHHi lllllllll l llllllllllllll l llllllllllllllllll l ^^ 

MASSACHUSETTS 

Alpha-Omega Sales Corp. 
10-G Roessler Road, Suite 502 
Wobum, MA 01801 
Ph: 617-933-0237 
TWX: 910-997-1119 
FAX: 617-938-8416 



MICHIGAN 

Contact Crystal Eastern Office 
Ph: 617-470-1490 



MINNESOTA 

The Twist Company 
10125 Crosstown Circle, 
Suite 200 

Eden Prairie, MN 55344 
Ph: 612-941-2040 
FAX: 612-941-9326 



MISSISSIPPI 

The Novus Group 

2905 Westcorp Blvd, Suite 120 

Huntsville, AL 35805 

Ph: 205-534-0044 

TWX: 910-380-6329 

EasyUnk: 62849023 

MISSOURI 

Contact Crystal Central Office 
Ph: 817-640-5641 



MONTANA 

Electronic Engineering Sales 
8405 165th Avenue NE 
Redmond, WA 98052 
Ph: 206-883-3374 
Fax: 206-882-1347 

Candal, Inc. 

7500 W. Mississippi Ave, Ste. A-2 

Lakewood,CO 80226 

Ph: 303-935-7128 

FAX: 303-935-7310 

TWX: 703771 



NEBRASKA 

Contact Crystal Central Office 
Ph: 817-640-5641 
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NEVADA 

Luscombe Engineering Co. 
7533 East First Street 
Scottsdale,AZ 85251 
Ph: 602-949-9333 
TWX: 910-950-1333 
FAX: 602-949-9095 



NEW HAMPSHIRE 

Alpha-Omega Sales Corp. 
10-G Roessler Road, Suite 502 
Wobiim,MA 01801 
Ph: 617-933-0237 
TWX: 910-997-1119 



Bob Dean, Inc. 

2415 North Triphammer Road 

P.O. Box E 

Ithaca, NY 14851 

Ph: 607-257-1111 

TWX: 914-297-6406 

FAX: 607-257-5579 

Bob Dean, Inc. 

Suite ID, Hollowbrook Park 

15 Myers Comer Road 

Wappingers Falls, NY 12590 

Ph: 914-297-6406 

FAX: 914-297-5676 

TWX: 510-255-5876 



OREGON 

Electronic Engineering Sales 
17020 S.W. Upper Boones Ferry Rd., 
Suite 301 

Portland, OR 97224 
Ph: 503-639-3978 
FAX: 503-684-3326 



PENNSYLVANIA 

JMK Electronics 
3750 Jeanne Drive 
Cleveland, Ohio 44134 
Ph: 216-886-7100 
FAX: 216-234-6366 



NEW JERSEY (NORTH) 

HLM Associates 
1300 Route 46 
Parsippany, NJ 07054 
Ph: 201-263-1535 
FAX: 201-263-0914 



NEW JERSEY (SO UTH) 

Vantage Sales Company 
1930 E.Marlton Pike 
Cherry Hill, NJ 08003 
Ph: 609-424-6777 
FAX: 609-424-8909 



NEWMEXICO 

Luscombe Engineering Co. 
7533 East First Street 
Scottsdale, AZ 85251 
Ph: 602-949-9333 
TWX: 910-950-1333 
FAX: 602-949-9095 



NEW YORK 

HLM Associates 
64 Mariner Lane 
Northport,NY 11768 
Ph: 516-757-1606 
FAX: 516-757-1636 

HLM Associates 
3 Pembroke Road 
Danbury, CT 06810 
Ph: 203-791-1878 
FAX: 203-791-1876 



NORTH CAROLINA 

The Novus Group 
5337 Trestlewood Lane 
Raleigh, NC 27610 
Ph: 919-833-7771 
ELN: 62895431 
TWX: 510-600-0558 
FAX: 919-856-1644 



OHIO 

JMK Electronics 
P.O. Box 43193 
6547 Willowhollow Lane 
(UPS Shipping Address) 
Cincinnati, Ohio 45243 
Ph: 513-271-3860 
FAX: 513-271-6321 

JMK Electronics 
3750 Jeanne Drive 
Cleveland, Ohio 44134 
Ph: 216-886-7100 
FAX: 216-234-6366 



OKLAHOMA 

TL Marketing, Inc. 

12200 Stemmons Frwy, Suite 317 

Dallas, Texas 75234 

Ph: 214-484-6800 

TWX: 910-861-4149 

Telex: 853683 

FAX: 214-241-9315 



Vantage Sales Company 
1930 E.Marlton Pike 
Cherry Hill, NJ 08003 
Ph: 609-424-6777 
FAX: 609-424-8909 



RHODE ISLAND 

Alpha-Omega Sales Corp. 
10-G Roessler Road, Suite 502 
Wobum,MA 01801 
Ph: 617-933-0237 
TWX: 910-997-1119 



SOUTH CAROLINA 

The Novus Group 
5337 Trestlewood Lane 
Raleigh, NC 27610 
Ph: 919-833-7771 
EasyUnk: 62895431 
TWX: 510-600-0558 



SOUTH DAKOTA 

The Twist Co. 

10125 Crosstown Circle, 

Suite 200 

Eden Prairie, MN 55344 

Ph: 612-941-2040 

FAX: 612-941-9326 
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TENNESSEE 

The Novus Group 

2905 Westcorp Blvd., Suite 120 

Huntsville,AL 35805 

Ph: 205-534-0044 

TWX: 910-380-6329 

EasyUnk: 62849023 

The Novus Group 
4556 Canda Drive 
Lilbum, GA 30247 
Ph: 404-381-1015 
TWX: 910-380-6330 
EasyUnk: 62849042 



VERMONT 

Alpha-Omega Sales Corp. 
10-G Roessler Road, Suite 502 
Wobum, MA 01801 
Ph: 617-933-0237 
TWX: 910-997-1119 



VIRGINIA 

New Era Sales, Inc. 
678 Ritchie Highway 
SevemaPark,MD 21146 
Ph: 301-544-4100 
Easylink: 62796162 



WYOMING 

Candal, Inc. 

7500 W. Mississippi Ave., 

Suite A-2 

Lakewood, CO 80226 

Ph: 303-935-7128 

FAX: 303-935-7310 



TEXAS 

TL Marketing, Inc. 

7745 Chevy Chase, Suite 360 

Austin, Texas 78752 

Ph: 512-453-4586 

TWX: 910-350-2182 

Telex: 853688 

FAX: 512-467-7370 

TL Marketing, Inc. 
810Hwy6,Suitel20 
Houston, Texas 77079 
Ph: 713-589-2763 
TWX: 510-601-8351 
Telex: 989475 
FAX: 713-496-9311 

TL Marketing 

12200 Stemmons Frwy, Suite 317 

Dallas, Texas 75234 

Ph: 214-484-6800 

TWX: 910-861-4149 

Telex: 853683 

FAX: 214-241-9315 



UTAH 

Anderson Associates 

270 South Main Street, Suite 108 

Bountiful, UT 84010 

Ph: 801-292-8991 

Telex: 714991594 

FAX: 801-298-1503 



WASHINGTON 

Electronic Engineering Sales 
8405 165th Avenue NE 
Redmond, WA 98052 
Ph: 206-883-3374 
FAX: 206-882-1347 



WEST VIRGINIA 

JMK Electronics 
P.O. Box 43193 
6547 WillowhoUow Lane 
Cincinnati, Ohio 45243 
Ph: 513-271-3860 
Fax: 513-271-6321 



WISCONSIN (SJE.) 

Micro Sales, Inc. 

N-81 W-12920 Leon Road, S. 115 
Menomonee Falls, WI 53051 
Ph: 414-251-0151 



WISCONSIN (N.W.) 

The Twist Co. 

10125 Crosstown Circle, 

Suite 200 

Eden Prairie, MN 55344 

Ph: 612-941-2040 

FAX: 612-941-9326 
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CANADA 



ALBERTA 

Hi Tech Sales 

#23 4040 Blackfoot Tr. S.E. 
Calgary, Alberta T2G 4E6 
Ph: 403-228-1011 
FAX: 403-255-7809 



BRITISH COLUMBIA 

Hi Tech Sales 
8523-132nd Street 
Surrey, BC V2W4N8 
Ph: 604-596-1886 
FAX: 604-596-5992 



MANITOBA 

Hi Tech Sales 

#17 360KeewatinSt 

Winnipeg, Manitoba R2X 243 

Ph: 204-694-0000 

FAX: 204-694-0433 



MONTREAL 

ESP 

116 McKee Street 

Chateauguay, Quebec J6J 3N2 

Ph: 514-848-7064 

Toll Free: 1-800-387-7604 



ONTARIO 

ESP 

5200 Dixie Road, Suite 201 

Mississauga, Ontario L4W 1E4 

Ph: 416-626-8221 

Telex: 06966899 

FAX: 416-238-3277 

Toll Free: 1-800-387-7604 



QUEBEC 

ESP 

Suite 3, 447 McLeod 
Ottawa, Ontario KIR 5P5 
Ph: 613-236-1221 
FAX: 613-236-7119 
Toll Free: 1-800-387-7500 

ESP 

116 McKee Street 

Chateauguay, Quebec J6J 3N2 

Ph: 514-848-7064 

Toll Free: 1-800-387-7604 



SASKATCHEWAN 

Hi Tech Sales 
147 Reindeer Road 
Saskatoon, Sask. S7K4W8 
Ph: 306-933-4101 
FAX: 306-933-4104 
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EUROPE 



AUSTRIA 

Hitronik 

St. Veitgasse 51 

A-1130Wien 

Austria 

Ph: 43-222-824199 

FAX: 43-222-826440 

TLX: 847-134404 



BELGIUM 

D«feD Electronics 
VII Olympiadelaan 93 
B-2020 Antwerp 
Belguim 

Ph: 323-827-7934 
TLX: 73121 



DENMARK 

Scansupply 

Nannasgade 18-20 

DK-2200 Copenhagen-N, 

Denmark 

Ph: 45-183-5090 

FAX: 45-183-2540 

TLX: 855-263046 



FINLAND 

Oy Ferrado AB 
Valimotie lA 
P.O. Box 54 
SF-00381 Helsinki 
Finland 

Ph: 358-055-0002 
FAX: 358-055-1117 
TLX: 122214 



FRANCE 

Newtek 

8,RueDeL'Esterel 

SiUc583 

F-94633 Rungis Cedex 

France 

Ph: 331-4687-2200 

FAX: 331-4687-8049 

TLX: 842-263046 



HOLLAND 

Alcorn Electronics 

Essebaan 1 

2908 U Capelle A/D USSEL 

Holland 

Ph: 3110-451-9533 

FAX: 3110-458-6482 

TLX: 26160 



ISRAEL 

Telsys 

Atidim Industrial Park Bldg. 3 

Dvora Hanevia St., Neve Sharet, 

Tel-Aviv 61431, Israel 

Ph: 972-349-2001 

TLX: 32392 



ITALY 

Cramer Italia 
134 Via Cristof Colombo 
00147 Roma, Italia 
Ph: 396-517-981 
TLX: 611517 



NORWAY 

OTE Komponent 
P.O. Box 200, Leirdal 
1011 Oslo 10, Norway 
Ph: 02-30-66-00 
FAX: 02-32-13-60 
TLX: 78-955 



SPAIN 

Semiconductores, SA 

Rda. General Mitre, 240 

08006 Barcelona 

Spain 

Ph: 93-217-2340 

FAX: 93-217-6598 

TLX: 97787 SMCDE 



SWEDEN 

Ab Gosta Backstrom 
Alstromergatan 22 
P.O. Box 12009 
10221 Stockholm 
Sweden 

Ph: 468-541-080 
FAX: 468-531-251 
TLX: 10135 



SWITZERLAND 

Memotek 

Ch-4901 Langenthal 

Switzerland 

Ph: 41-63-281-122 

FAX: 41-63-223-506 

TLX: 845-982550 



UNITED KINGDOM 

Sequoia 

Unit 2 First Avenue 
Globe Business Park 
Marlow Bucks SL7 1 YA 
United Kingdom 
Ph: 446-284-76726 
FAX: 446-288-90104 
TLX: 851-846536 



W.GERMANY 

Astek 

Gottlieb-Daimler Strasse, 
2358 Kaltenkirchen 
W. Germany 
Ph: 49-4191-871115 
TLX: 841-2180120 

Atlantik Elektronik 
Fraunhofer Strasse, llA 
8033 Martinsried 
Munich, W. Germany 
Ph: 4989-857-0000 
FAX: 4989-857-3702 
TLX: 841-521-5111 
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FAR EAST 



AUSTRALIA 

RifaPty.Ltd. 

202 Bell Street, Preston 

Victoria 3072 

Australia 

Ph: 61-3-480-1211 

TLX: FIFMEL AA31001 

FAX: 61-3-484-3645 



JAPAN 

Asahi Kasei Microsystems 
Yoyogi Community Bldg. 
11-2, Yoyogi 1-Chome 
Shibuya-ku, Tokyo 151, Japan 
Ph: 813-320-2062 
FAX: 813-320-2072 
TLX: 222-2792 -AKMC J 



TAIWAN 

Idealtech Industry Co., Ltd. 

11-3 Fl. No. 415, Sec. 4 

HsinYiRoad 

Taipei, Taiwan, R.O.C. 

Ph: 886-2-703-2196 

TLX: 22928 IDEALTEC 

FAX: 886-2 776-2219 



HONGKONG 

Electrocon Products Limited 

5th Floor, Perfect Commercial Bldg. 

20 Austin Avenue 

Tsimshatsui, Kowloon 

HongKong 

Ph: 852-3-687214-6 

Ph: 852-3-7392023 

TLX: 39916 EPLETHX 

FAX: 852-3-7220869 

Liason Office (Miti Electronic Co.) 

703A Opulent Bldg. 

402-406 HennessyRd. 

Hong Kong 

Ph: 852-5-8336973 

FAX: 856-5-8933674 

Dynatek Electronics Ltd. 

Unit 1, 7/Fl, 

Hong Leong Industrial Complex 

4 Wang Kwong Rd. 

Kowloon Bay, Hong Kong 

Ph: 852-3-7966689 

FAX: 852-3-7966109 



KOREA 

Kortronics Enterprise 
Rm. 307, 9-Dong, B-Block 
#604-1, Guro-dong, Guro-Gu 
Seoul, Korea 
Ph: 82-2-635-1043 
Ph: 82-2-634-5497 
TLX: KORTRONK26759 
FAX: 82-2-675-0514 



NEW ZEALAND 

Electronics Limited 

35 Rawene Road 

Birkenhead, Auckland 10 

New Zealand 

C.RO. Box 2630 , Auckland 

Ph: 64-9-488049 

TLX: DAVREDAKNZ2612 

FAX: 64-9-4190766 



SINGAPORE 

Tokyo Components Co. Pte. Ltd. 

1 1 1 North Bridge Road 

#07-16 Peninsula Plaza 

Singapore 0617 

Ph: 65-3364395 

TLX: RS 35116 TCCSIN 

FAX: 65-3372347 



The Oak Trading Corp. 
8F, No. 180, Sec. 4 
Chung Hsiao E. Road 
Taipei, Taiwan, R.O.C. 
Ph: 886-2-772-6372 
FAX: 886-2-771-8413 

Pensound International Corp. 

Fl. 6th Nr.218 I^-Hwa North Rd. 

Taipei, Taiwan R.O.C. 

Ph: 886-2-716-9056 

FAX: 886-2-717-1647 

TLX: 21980 PENSOUND 
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DEFINITION OF PREUMINARY PART 
TYPES 

Before a part is in full production, Crystal will 
supply preliminary parts. There are two varieties: 



L Engin ee rin g Samp l e (E S) 

Engineering sample "ES" is a product which has 
not been completely characterized or where 
qualification has not reached the first lot 500 
hours read point. ES product will be assembled 
per manufacturing specs at qualified assembly 
sites. All units will be tested to a published data 
sheet and applicable errata sheet (if needed). 
Any ES units which are tested only at room 
temperature will receive a supplemental brand 
"25®". As soon as automated temperature testing 
is available for this device, all subsequent ES 
units will be 100% temperature tested. 

The following premium - temperature product 
grades will always be 100% tested at tempera- 
ture: 



TELECOMMUNICATIONS - "M" grade 
DATA ACQUISITION - "A", "B", "C", "S", 
"T", and "U" grades 



n. Engineering Prototype (EP) 

Engineering Prototype is an engineering 
prototype of a device which works sufficiently 
for beta site purposes. 



DEFINITION OF DATA SHEET TYPES 

Each product developed by Crystal will be 
supported by technical literature where the data 
sheets progress through the following levels of 
refinement: 

L P r od wc t Preview 

This is a l-to-4 page document which describes 
the main features and specifications for a product 
that is under development. Some specifications 
such as exact pin-outs may not be finalized at 
time of publication. The purpose of this docu- 
ment is to provide customers with advance 
product planning information. 

n. Preliminary Product Information 

This is the first document completely describing 
a new product. It contains an overview, 
specifications, timing diagrams, theory of 
operation, pin-out diagram, applications infor- 
mation, ordering guide and mechanical informa- 
tion. The numbers in this data sheet are based on 
prototype silicon performance and on worst-case 
simulation models. The specifications represent 
the designer's best estimate for the "real" 
numbers. Min and max values are included 
where possible. The purpose of this document is 
to provide system designers with technical infor- 
mation sufficiently detailed to guarantee that 
they can safely begin active development. 

ni. Final Pa ta She et 

This is an updated version of the preliminary 
data sheet reflecting actual production 
performance of the final product. Updates 
include tighter specifications, more min and max 
values, and any application information that has 
arisen during the early life of the part. The pur- 
pose of this document is to communicate the 
confirmed performance of products which have 
passed qualification, been fully characterized, 
and are in production. 
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